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Benthic invertebrate distributions in four wetlands (forested, riverine, 
emergent, cypress) in the Ohio River Basin were studied for one year. 
Significant differences in mean annual densities were noted between the 
forested wetland as compared to all other wetland types, and between the 
emergent and cypress wetlands. Oligochaetes were the dominant 
invertebrates in all study sites; however, dipteran larvae were also 
abundant in the riverine, emergent, and cypress wetlands, while 
numerous crustaceans were found in the forested wetland. Diversity was 
highest in cypress (H'=0.82) and emergent (H'=0.80) wetlands. Spatial 
distributions of benthic invertebrates apppeared to be influenced by 
hydrologic regimes and food availability. Riverine and emergent wetlands 
had greater flow rates than the other sites and exhibited higher 
abundances of invertebrates near inflow and outflow areas. These data 
indicate that differences in wetland types and associated environmental 
factors such hydrology (flow rate), vegetation (plant type, coverage), 
substrate (organic matter content, partical size distribution) may strongly 
affect benthic invertebrate diversity and distributions.No single 
111 
environmental variable (e.g. dissolved oxygen, temperature, season, soil 
type) could explain what type of community would be found in a wetland 
ecosystem. This study found that the combined factors most important to 
determiriing species compostion and community stucture were presence 
and type of available habitat (i.e. macrophytes), temperature, water depth, 
and hydrologic forcing functions. Specimens of a unique species of 
invertebrate,Taphromysis louisianae Banner, 1953 (Crustacea:Mysidacae) 
were found throughout the study period in the riverine wetland. This 
collection represented a northward range extension from previously 
reported ranges in the Gulf of Mexico. 
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CHAPTER! 
INTRODUCTION 
From a historical perspective, wetland areas have not 
been considered as important or beneficial ecosystems. 
Traditionally, wetlands have been considered as wastelands; 
they have been destroyed through a wide variety of agricultural 
and land development practices. Destruction of wetlands was 
generally thought to be economically beneficial, because these 
"unproductive" lands were being converted to useful 
croplands, industrial sites, and/or various types of tracts for 
housing projects. However, during the last twenty years, field 
investigations have revealed the many values of wetland 
ecosystems; these studies have changed the focus from 
destruction of wetlands to protection, conservation, and 
restoration of these unique ecosystems. 
Wetlands research, and conservation efforts, increased 
during the 1970's. Early investigations stimulated an interest 
in wetland systems, and demonstrated the need to protect and 
maintain these diverse habitats. Most of the early research 
efforts involved the development of a better understanding of 
wetland hydrology (including water quality and nutrient flux) 
and wetland biota (botanical and zoological investigations). 
Field investigations that focused on the distribution, function, 
and variation of wetland benthic invertebrates were not 
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conducted; therefore, there is currently a paucity of data 
available for the study of wetland invertebrate communities. 
Those data that are available for invertebrate studies are 
restricted to a few investigations completed in northern and 
saltwater wetlands (Crow and Macdonald, 1979). 
Benthic invertebrates have valuable functions in aquatic 
systems. They function on different trophic levels as 
herbivores and carnivores (Cu=ins, 1973); they contribute 
significantly to water quality as decomposers (Mitsch and 
Gosselink, 1986); they process organic material (Webster, 
1983); they also serve as valuable food sources for fish 
(Gerking, 1962) and waterfowl (Murkin and Kadlec, 1986; Riley 
and Bookhout, 1990). 
The uniqueness of wetland ecosystems, and the scarcity of 
research associated with wetland invertebrates, provided the 
impetus for this study. The purpose of this study was to collect 
qualitative and quantitative data for the spatial and temporal 
distribution of benthic invertebrates in four wetland types: 
riverine, forested, cypress, and emergent. As ecotones 
between terrestrial and aquatic systems, wetlands offer diverse 
habitats and may harbor populations of unique, or rare, 
species of invertebrates. It is also possible that these wetland 
areas may serve as a refuge for fugitive species. All species 
encountered during this study are reported herein. 
CHAPI'ERII 
LITERATURE REVIEW 
Aquatic invertebrates are greatly affected by the 
environment in which they live. Various components of the 
aquatic environment affect the structure of invertebrate 
communities. The variable interactions of these components 
are reflected in the distributions, abundances, and diversities 
of benthic invertebrate communities. 
The abundance and distribution of benthic invertebrates 
in wetlands is related to the heterogeneity of habitat. 
Therefore, abundance and distribution varies according to 
wetland types (Table 1). For convenience, this review is divided 
into sections involving vegetation, substrate, diverstiy, 
decompostion, and seasonality. 
Vegetanon 
The presence of aquatic macrophytes may increase 
invertebrate fauna! abundances by offering habitat, refuge, 
and food sources. Sklar (1985) found that the density and 
biomass of invertebrates in a Louisiana backswamp was 
among the highest recorded for freshwater or estuarine soft 
bottom habitats. Invertebrates living in the sediments 
averaged 5,690 ind/m2• Invertebrates associated with floating 
vegetation (Lemna spp.) averaged 10,508 ind/m2• Wrubleski 
3 
Table 1. Invertebrate variations among wetland types and habitats. 
Wetland Habitat 
Smartweed 
marsh deep marsh 
shallow marsh 
Bayhead wetland* sediments 
sediments Riverine wetland 
Orange Lake, 
Florida 
open water 
Hydrilla 
Nuphar 
Paspalidium-Hydrilla 
Little Lake Hydrilla 
Barton, Florida 
Density 
ind/m2 
13,733 
7,138 
8,247 
19,019 
25,610 
46,878 
440a 
509a 
718a 
955a 
1,171 
Backswamp, Lemna 10,508b 
Louisiana Sediments 5,690b 
Orange Lake, open water l,067.2h 
Diversity 
Shannon Simpson Source 
0.81 
2.88 
1.92 
1.80 
1.40 
Riley and Bookhout, 
1990 
1.41 Schwartz and Gruendling, 
1985 
5.57 
0.35 
Schramm and 
Jirka, 1989 
Scott and Osborne, 
1985 
Sklar, 1985 
Watkins et.al., 1983 
Florida Hydrilla 3,752.31!_--;-----:----,-------------
*receiving sewage effiuent; a mean annual density; b average density. 
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and Rosenberg (1990), in an emergence study, found higher 
densities of chironomids associated with pondweed (Sago) 
(15,924/m2) than those associated with cattail (2,181.6/m2) or 
bullrush (4,024Jm2). 
In Orange Lake Florida, Watkins et. al. (1983) found 
Hydrilla communities supported a significantly larger average 
number ofbenthic invertebrates (3,752.3/m2) than both Nuphar 
and Panicum communities (2,240.0/m2 and 2,586.4/m2 
respectively) and open water areas. This contrast was 
presumed to be due to the greater attachment area for 
colonizing invertebrates, and the protection afforded by 
Hydrilla. 
A subsequent study in Orange Lake, conducted by 
Schramm and Jirka (1989), showed that densities of 
invertebrate taxa in vegetated areas were higher than densities 
in open water areas. Of the plant communities studied 
(Paspalidium-Hydrilla, Nuphar, Nuphar-Hydrilla, Hydrilla), 
Paspalidium-Hydrilla communities exhibited greater density 
(955/m2) than other plant communities, and a significantly 
greater density than open water areas (440/m2). During the 
same study, benthos in Henderson Lake, Florida were more 
abundant in open water areas (1,612 indfm2) than in Nuphar 
stands (272 ind/m2) or in Panicum stands (549 ind/m2), 
presumably due to substrate differences. 
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Substrate 
Schramm and Jirka (1989) found invertebrate distribution 
to be determined largely by substrate. Higher densities were 
observed in substrates of firm sand and organic matter. 
Orange Lake had a substrate of loose organic matter; that of 
Henderson Lake was composed of firm sand and organic 
matter. Consequently, greater densities of invertebrates were 
observed in open water areas of Henderson Lake (1,612/m2) 
than in Nuphar stands (272/m2) or Panicum stands (549/m2). 
When communities with similar substrate were compared, 
greater densities occurred in vegetated areas. The 
investigators also found consistently greater numbers of 
invertebrates in vegetated areas that had consolidated 
substrates. 
The presence of aquatic macrophytes may affect 
substrates by reducing water movement, increasing litter 
accumulation and, thereby, stabilizing substrates. Higher 
densities of invertebrates have been discovered in macrophyte 
beds in streams where there is greater deposition of detritus 
(Barber and Kevern, 1973). 
Examination of the vertical distribution of zoobenthos in 
Lake Michigan, reported by Nalepa and Robertson (1981), 
revealed two different distributions of benthic invertebrates in 
the substrate. In the first centimeter of substrate, 
oligochaetes, benthic copepods, ostracods, rotifers, 
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turbellarians, and gastropods were found; deeper sediments 
produced tubificids, enchytraeids, nematodes, and 
tardigrades. The deeper sediment forms were located nearer 
the surface in the spring samples and were more abundant 
during this season. The spring abundance also coincided with 
the presence of a seasonal detrital layer. 
Hydrology 
Hydrologic variations may affect invertebrate distribution. 
Riley and Bookhout (1990) found that water level reductions did 
not significantly increase benthic or periphytic invertebrate 
levels (activity, density, and biomass) in shallow and deep 
marshes, although some increases were observed. 
Invertebrate levels in the water column were higher in 
shallow marshes than in deep marshes, and were greater 
than benthic invertebrate levels. 
DiversUy 
The diversity of benthic invertebrates is an important 
measure of "ecosystem health" in an aquatic system. Diversity 
indices have been used to evaluate trophic status and general 
water quality. Changes in the macrobenthic communities of 
the Great Lakes has been consistent with known human 
impact on the lakes (Barton, 1989). 
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Data collected by various researchers show that water 
quality, presence of vegetation, and vegetation type, play 
important roles in wetland invertebrate diversity. The diversity 
of wetland benthic invertebrates may vary between wetlands, 
and within different sections of the same wetland. Sklar (1985) 
found a relatively low diversity in Louisiana backswamps. 
The average Shannon diversity index for benthic invertebrates 
was 1.8 in the floating vegetation, and 1.4 in the sediments. 
The greatest diversity occurred in the spring (2.3). An analysis 
of data indicated that diversity of invertebrates flucuated more 
in sediments than in the floating vegetation. Sklar (1985) 
speculated that diversity may have been greatly affected by the 
flucuating hydrology and temperature; such flucuations in 
hydrology and temperature create severe stresses, such as 
dessication and anoxia. 
Schramm and Jirka (1989) found a greater diversity of 
benthic invertebrates in vegetated areas than in open water 
communities. This difference in benthic diversity was related 
to substrate heterogeneity. Macrophytes increase ·substrate 
habitat by providing living root masses and rhizomes. 
Substrates dominated by Nuphar appeared to be preferred by 
benthic invertebrates. This preference could be due to the fact 
that Nuphar roots are located at the sediment water interface, 
where a thin oxidized layer exists even under anaerobic 
conditions. Furthermore, some macrophytes leak oxygen from 
9 
their roots (Mitsch and Gosselink, 1986). This addition of 
oxygen by plant roots may provide a limited refuge for 
invertebrates under anoxic conditions. 
Scott and Osborne (1981) found mean annual Shannon 
and Simpson diversity indices of 1.92 and 0.35, respectively, in 
Little Lake Barton, Florida. The number of taxa, hence 
diversity, declined in early spring and remained low until late 
fall. Data show that the low number of taxa observed during 
summer were probably the result of emergence of 
chironomids, and low oxygen concentrations. 
In Stevens Brook Wetland, Schwartz and Gruendling 
(1985) found invertebrate faunal diversity to be closely related to 
water quality and submergent vegetation. This wetland 
receives partially treated effluent from a sewage facility. The 
addition of effluent resulted in higher phytoplankton 
productivity and a higher concentration of particulate matter. 
As a result, there was a decrease in submergent vegetation, 
and a decrease in invertebrate faunal diversity. The Simpson 
and Shannon diversity indices for the Stevens Brook Wetland 
were 1.41 and 0.81 respectively. A similar wetland (Scomotion 
Creek Wetland), not receiving effluent, exhibited Simpson and 
Shannon diversity indices of !;l.88 and 5.57, respectively. 
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DecomPQSition 
It has been well documented that benthic communities of 
lotic systems process course organic material (CPOM), fine 
particulate organic matter (FPOM), and dissolved organic 
matter (DOM) (Peterson and Cummins, 1974; Webster, 1983; 
Cuffney, et.al. 1990). Macroinvertebrates graze, and shred, 
leaf litter (CPOM), and generate smaller fragments of organic 
matter (FPOM). Other invertebrate communities utilize FPOM 
as a food source by collecting or filtering the FPOM from the 
water. These communities, in turn, generate smaller 
particles of organic matter (DOM) in the water; the particles 
are harvested by other invertebrates (Short and Maslin, 1977). 
The passage and processing of organic matter between 
invertebrate communities has been adopted as the river 
continuum concept (Vannote et. al., 1980). 
Shredders and grazers process a large volume of 
allocthanous organic matter, but may only assimilate a small 
portion of the total biomass (Fisher and Likens, 1973). Because 
of high turnover rates in these communities, 32-80% of annual 
litter can be processed (Webster and Pattern, 1979; Webster, 
1983). Such high turnover rates may significantly affect rates 
of energy flow, and organic matter processing, in streams 
(Cummins et. al., (1973). 
In an experimental manipulation, in which benthic 
invertebrates were removed from a headwater stream, 
11 
Cuffney et.al., (1990) found reductions in litter processing rates 
of 50-74%. In this study, processing rates were dependent 
upon litter type. Data showed reductions of 25-28% in annual 
litter processed, and annual FPOM export was reduced to 33% 
of the pretreatment export. 
Petridis (1990) found that the biotic or physical 
fragmentation of plant material provides a new food source for 
benthic invertebrates. In this study, isopod growth rates were 
significantly higher when isopods were fed grass carp faecal 
material and mechanically destructed Elodea, than-when 
isopods were fed fresh Elodea. 
Plants serve as important storage reservoirs for nutrients 
in wetland systems. After senescence, the litter undergoes 
decomposition and increases nutrient levels in the wetland 
(Hemond, 1983). Utilization of available detritus is largely 
dependent upon the specific litter type. Habitats available to 
decomposers, such as macroinvertebrates and bacteria, can 
determine whether nutrients are made bioavailable or remain 
recalcitrant in the litter compartment (Murkin et. al., 1989). 
Water depth during winter months is critical to the 
amount of vegetation litter available to invertebrates the 
following spring. Invertebrate activity may increase in spring 
as a result of seasonal flucuations in water levels (Riley and 
Bookhout, 1990). The portion of standing litter consumed by 
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aquatic invertebrates in autumn has been reported to be lower 
than spring consumption (Andersson and Danell, 1982). 
Andersson and Danell (1982) found that additions of plant 
litter to a wetland system did not significantly increase the 
numbers of invertebrates. This response was attributed, in 
part, to an increase in predatory invertebrates; it also serves to 
illustrate the importance of interrelations between invertebrate 
communities. Newbold et. al., (1983), in a stream study, found 
consumers to account for 2.8% of the phosphorus uptake, of 
which 30% was transferred to predators. The combined 
consumer-predator community accounted for 25% of the 
standing stock of exchangeable phosphorus. 
Many wetland systems may exhibit high primary 
productivity; however, this may not result in high secondary 
production (Chitty and Davis, 1972). Schwartz and Gruendling 
(1985), found that an increase in primary productivity in 
Stevens Brook Wetland was not transferred to consumers. In 
this study, increased phytoplankton productivity and high 
concentrations of particulate matter resulted in the decrease of 
emergent vegetation and the decrease in the numbers of 
invertebrate taxa. Some primary producers, such as certain 
blue-green algae, have been found to be unpalatable to 
consumers (Odum, 1961). 
I 3 
Seasonality 
Benthic invertebrate communities exhibit seasonal 
trends. Sklar (1985) noted fall and winter peaks in invertebrate 
numbers in Louisiana backswamps during periods of high 
litter fall. Low abundances were observed in- summer; a 
season characterized by low water levels and anoxic 
conditions. 
Riley and Bookhout, (1990), reported peaks in invertebrate 
levels during late April and early May, corresponding with 
water level flucuations. Invertebrates in the same study 
decreased by late May and early June. In late May, the water 
temperature was >300 C and dissolved oxygen levels were < 2.0 
mg/1. Amphipod numbers decreased rapidly, while physid 
snail numbers did not decline. Sklar (1985) noted that many 
wetland invertebrates have physiological and/or behavioural 
adaptations that circumvent the stresses of anoxia and 
dessication. 
Moore (1980) reported that the numbers of chironomids 
peaked in May and declined in July. Numbers of chironomids 
increased gradually during winter, and peaked in spring. 
Chironomid numbers fell during the warmer summer months 
as a result of chironomid emergence. The emergence of 
chironomids may be a response to water quality parameters, 
such as conductivity. Sklar (1985) noted that temperature 
greatly affects the emergence of dipterans. 
14 
Benthic invertebrate numbers may be related to the 
quantity and quality of food items. Moore (1980) found a strong 
positive correlation between the density of oligochaetes and the 
abundance of microflora. 
CHAPTERID 
SITE DESCRIPTION 
Four wetlands in the Ohio River drainage were chosen for 
benthic study and analysis. The wetlands chosen were 
representative of four types: riverine, forested, cypress and 
emergent. A brief description of the four wetland study sites is 
presented below. 
Crooked Run State Nature Preserve 
Crooked Run State Nature Preserve (CRSNP) is a 3.69 Ha 
riverine wetland managed by the Ohio Department of Natural 
Resources. It is located in a 6.17 km2 watershed in Clermont 
County, Ohio, and is situated adjacent to the Ohio River at 
river mile 434 upstream from the Captain Anthony Meldahl 
Lock and Dam (Fig 1-A). 
Hydrologic inputs come from the inflowing stream, 
Crooked Run, and inflows from the Ohio River. The water 
level in the wetlanq is largely dependent upon the level of the 
Ohio River which is subjected to flucuations resulting from 
activity at thelock and dam. Due to these water level 
fluctuations, and hydrologic connection to the Ohio River, the 
Ohio Department of Natural Resources refers to CRSNP as an 
"estuary". Water depth within the wetland ranges from <1.0m 
to 2.0m; most areas are much less than 1.0m in depth. 
15 
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The substrate is composed largely of sandy silt mixed with 
organic material such as leaves, stems, and decaying algae. 
The inflow has many of the characteristics of a stream 
system, wit}:!. rock and gravel present in the substrate. Several 
logs, fallen trees, and submerged stems were present in 
CRSNP; some of the woody debris was produced by the activity 
of beavers. 
Emergent vegetation was confined to small sections of 
littoral zones; it was absent in most of the wetland. Forested 
river bottoms, forested hillsides, two small tributaries, and an 
occupied house site were located adjacent to CRSNP, in the 
watershed area. 
Rowan County Sphagnum Swamp 
Rowan County Sphagnum Swamp (RCSS) is a 12 Ha 
reconstructed forested wetland maintained by Morehead State 
University (Fig. 2-A). It is located in a 0.31 km2 watershed in 
western Rowan County, west of Morehead, Kentucky, off 
Kentucky Highway 1722. It was donated to Morehead State 
University by the Glimcher Corporation, as a result of 
mitigation. RCSS was restored as a wetland system from a 
· natural swamp that had been previously drained for 
agricultural managment. 
Note: Boxed area indicates location of study site. 
Scale: 4 mm = 100 m 
Figure 2-A. Topographic map ofRCSS. 
1 8 
1 9 
Hydrologic inputs come from precipitation, overland 
runoff, and groundwater sources. Water passes through the 
wetland from east to west as sheetflow. Two ponds, located in 
the study area, ranged in depth from 1.5 m to 2.0 m. Average 
depth throughout the wetland was < 0.20 m. Some areas were 
dry in late summer. 
Rowan County Sphagnum Swamp included forested and 
non-forested areas. This study was confined to the 2.5 Ha 
forested section, to utilize the presence of standing water. 
Tree species in the study site were represented by Betula, 
Alnus, Acer, and Quercus. The understory of the study site 
was composed of Decodon and Lythrum, and mosses of the 
genus Sphagnum. 
The substrate was largely composed of clay with layers of 
decaying leaf, stem, and herbaceous vegetation. Sphagnum 
moss fragments were present in the substrate. 
Forested hillsides, forested river bottoms, abandoned 
fields, pasture fields, a highway, a secondary road, and a gas 
pipeline were present within the watershed. 
Henderson Sloughs Wildlife Management Area 
Portions of the Crenshaw Tract and Sauerheber Unit of 
the Henderson Sloughs Wildlife Management Area (WMA) 
were chosen for study. The Henderson Sloughs Wildlife 
Management Area is managed by the Kentucky Department of 
20 
Fish and Wildlife Resources; it is located in Henderson and 
Union Counties in Western Kentucky. 
Crenshaw Tract 
A 1.5 Ha emergent wetland located within the Crenshaw 
Tract (CT) was studied. This wetland is situated within a 2.38 
km 2 watershed off Kentucky Highway 136, northwest of 
Geneva, Kentucky (Fig.3-A). 
Hydrologic inputs came from precipitation, overland runoff, 
groundwater sources, and water draining from sloughs 
located upstream. There was flowing water during each 
sampling period. This flow produced narrow channels that 
were free of emergent vegetation. The outflow passed through 
tiles under an unimproved road, and continued as a small 
creek. This wetland was hydrologically influenced by the Ohio 
River when the river was in flood stage and at high water 
levels. Water depths within the study area normally ranged 
from 0.20m to 1.5m. The banks had a steep slope in most 
areas. There was some periodic beaver activity that produced 
greater water depths in spring. 
There was an abundance of emergent (Nymphaeaceae) 
and submergent (Haloragaceae) vegetation. Vegetative taxa 
represented in the littoral zone include Cyperaceae, 
Graminaceae, Salicaceae, and Cupressaceae. 
I 
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Note: Boxed area indicates location of study site. 
Scale: 4 mm = 100 m 
Figure 3-A. Topographic map of CT. 
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The substrate was a firm mixture of sand and clay. 
Submergent vegetation litter accumulated above the substrate. 
Emergent vegetation litter was present in lesser amounts. 
Rock and gravel was present near the outflow. Forested river 
bottoms and cultivated farm fields were present within the 
watershed at the study site. 
Sauerheber Unit 
The study area within the Sauerheber Unit (SU) was a 2.3 
Ha cypress swamp located off Kentucky Highway 268 (Fig 4-A). 
This cypress swamp had a watershed area of 2.65 km2. 
Hydrologic inputs came from precipitation, overland 
runoff, groundwater sources, and water ditched from an 
adjacent roadway. Water moved slowly through the wetland; it 
became stagnant in summer. There was an outflow of water 
through a small creek that passed through a culvert under an 
unimproved road. Water depth normally ranged from 0.30 m 
to 0.90m. 
Dead cypress trees (Taxodium distichum) were located 
throughout the swamp; they were the only tree species present 
in the water. There was an abundance of floating macrophytes 
(Lemnaceae) in summer and some submergent vegetation in 
summer. The littoral vegetation was well developed and 
extended approximately 2.0m into the swamp. Littoral 
vegetation was represented by Cyperaceae. 
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Note: Boxed area indicates location of study site. 
Scale: · 4 mm = 100 m 
Figure 4-A. Topographic map of SU. 
23 
" ,, 
' 
' 
' " 
J 
,, 
,, 
,, 
' ,, ,, 
,, 
:1" 
24 
There was a small amount of large organic material and 
plant litter; however, some submergent plant litter was 
present. Most of the substrate was characterized by a clay and 
silt bottom; however, the substrate at the outlfow was a thick 
black ooze resembing petroleum. 
Cultivated and uncultivated fields, an unimproved road, 
an oil pumping facility, and a paved roadway were present 
within the watershed. 
CHAPTERIV 
MEIHODS 
Benthic invertebrate samples were collected seasonally 
during a one year time frame, beginning in April 1990 and 
ending in February/March 1991. 
Sampling stations for each of the four wetland study sites 
were randomly selected; they were located along a hydrologic 
gradient. Ten stations were sampled within the CRSNP, 
RCSS, and CT (Figs. 1-B, 2-B, and 3-B). However, three 
stations were not sampled in RCSS in summer due to low 
water levels. The study site within the Sauerheber Unit 
contained seven sampling stations (Fig 4-B). Both the CT and 
the SU wetlands were not sampled in the fall. 
Benthic invertebrate samples were ·obtained by employing 
a 225 cm2 Eckman dredge lowered from an aluminum boat. 
The benthos was immediately fixed in 10% formalin. Samples 
were then taken to a laboratory at Morehead State University 
where invertebrate specimens were sorted into taxonomic 
groups, using standard taxonomic keys. 
Specimens were counted and stored in 70% ethanol. This 
procedure was repeated for winter, spring, summer, and fall 
sampling periods. Due to the policy of the Kentucky 
Department of Fish and Wildlife Resources concerning 
25 
g Landarea. Wet area. 
Figure 1-B. Generalized drawing of CRSNP showing 
sampling stations; not to scale. 
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ffi!1!ffl wet area. ki?d land area. 
Figure 1-B. Generalized drawing of RCSS showing 
sampling stations; not to scale 
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Ei2lJ Land area. B Wetarea. 
Figure 3-B. Generalized drawing of CT showing 
sampling stations; not to scale. 
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ll!lEl2l Land area. lmmmJI Wetarea. 
Figure 4-B. Generalized drawing of SU showing 
sampling stations; not to scale. 
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hunting practices, access to the study sites in the Henderson 
Soughs Wildlife Management Area (WMA) was not permitted 
during the fall sampling period. As a result, no fall sample 
data for the Henderson Sloughs WMA was obtained. 
Hand held nets (a 30 cm wide x 27 cm high D-shaped net 
and a 45 cm x 20 cm rectangular net) were used to collect 
benthic invertebrates. This technique produced invertebrate 
taxa not captured by the Eckman dredge. 
In addition to sampling by Eckman dredge, ten 150-A50 
round EPA Hester-Dendy colonization plates were used in the 
Rowan County Sphagnum Swamp. These round colonization 
plates had a surface area of 0.13 m2. The colonization plates 
were placed in the swamp for a period of two weeks in spring. 
Sediment particle size distribution (Bouyoucos hydrometer 
method) and organic matter based on loss on ignition at 5500c 
were studied in CRSNP, utilizing methods described by Dean 
(1974). 
The Simpson diversity (D 5), Shannon diversity (H'), 
Simpson dominance (1) and inverse of 1 (d5) (sometimes used 
as a diversity measure), were determined for the benthos of 
each wetland for each sampling period. The measure of Ds 
represents the probability of interspecific encounters, which 
may be related to competition and predation. The measure ds 
is an expression of the number of times one would have to 
randomly take pairs of individuals from the entire aggregation 
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to find a pair from the same species. Shannon diversity (H') is 
an information-based diversity index based on uncertainty. A 
high Shannon diversity is associated with high uncertainty of 
the identity of a specimen picked at random. A low Shannon 
diversity is associated with a low uncertainty of the identity of a 
specimen picked at random. The Simpson and Shannon 
diversity indices were determined by the formulas: 
Ds = 1-Ln;(n;-1)/N(N-1), 
H' = (N log N -rn; log n;)/N 
where n; the number of individuals in a species or taxon, and 
N the total number of individuals observed. Simpson's 
dominance (I) was calculated by: 
l =Ln;(n;-1)/N(N-1) 
where n; and N were the same as for the above equations. The 
measure ofl (d8) is the probability that two individuals, taken 
from a random sample, belong to the same species. A species 
collection with high diversity will have low dominance. The 
inverse of 1 is sometimes used as a measure of diverstiy and 
was calculated by: 
32 
Maximum diversity was calculated for D8 (Dmax) and d8 
(dmax) by: 
Dmax = (s-l/s)(n/N-1), and 
dmax = s(N-1/N-s), 
where s represents the number of species or taxa present. 
Maximum diverstiy for the Shannon index was computed as 
Hmax' = log s. 
Maximum diversity occurs when N individuals are distributed 
as evenly as possible. 
Evenness is an expression of how close the diversity of the 
sample is to the maximum diversity for a given N and s. Such 
measurements are expressed as the nearness of the observed 
diversity index to the maximum possible diverstiy. For the 
corresponding diversity index, E 8 is the evenness measure for 
D8 ; es is the evenness measure for d8 ; and J' is the evenness 
measure for H'. Evenness measures were calculated for D8 by, 
Es = DJDrnax; 
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for d8 by, 
es= dsfdmax; 
and for H' by, 
J' = H'I.Hmax' 
(all indices from Brower et. al., 1984). 
Benthic invertebrate abundances were separated into 
functional groups. Temporal and spatial changes in 
functional groups were reported as percentages, and as 
relative abundance data. 
The stations within each wetland were grouped and 
compared to determine differences in the number of species 
and identify functional groups in different hydrologic areas 
(inflow, intermediate, and outflow). The locations of stations 
in these hydrologic areas for each study site are given in Table 
2. Density data obtained for invertebrate communities collected 
in the four wetlands were compared by using pairwise t-tests. 
The invertebrates found in the four wetland study sites 
were separated into seven functional groups according to food 
preferences: (1) shredders/scrapers (SS); (2) deposit feeders 
(DF); (3) filter/collecters (FC); (4) omnivores (O); (5) herbivores 
(H); (6) predators (P); (7) microfeeders (MF). 
Table 2. Habitat description and wnation of sampling stations into hydrologic areas (inflow, 
intermediate, outflow). 
HYDROLOGIC STUDY AVAILABLE 
AREA STATIONS SITE HABITAT 
Inflow 1,9, 10 CRSNP open water(flowing) 
Intermediate 2,6,7,8 CRSNP open water 
Outflow 3,4,5 CRSNP open water(flowing) 
Inflow 1,2,3 RCSS open water(flucuating), 
forest 
Intermediate 4,5,6,7 RCSS some vegetation, 
forest 
Outflow 8,9,10 RCSS open water(flucuating), 
forest and meadow 
Inflow 8,9,10 CT vegetated and open 
water 
Intermediate 4,5,6,7 CT vegetated (submer gent 
and emergent), open 
water 
Outflow 1,2,3 CT open water(flowing), 
large organic debris 
Inflow 1,2 SU open water 
Intermediate 3,4,5 SU open water, 
submergent vegetation 
Outflow 6,7 SU open water 
34 
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Shredders/scrapers (SS) include those organisms which 
feed mostly on large organic material such as leaves. Deposit 
feeders (DF) include organisms which feed on organic 
material found in sediments and benthic material. 
Filter/collectors (FC) include organisms which filter or strain 
food material from the water column. Omnivores (0) include 
organisms which feed on a variety of plant and animal matter. 
Herbivores (H) include invertebrates that feed exclusively on 
plant material. Predators (P) include those organisms which 
feed exclusively on other organisms. Microfeeders (MF) 
include organisms which feed on microscopic material such 
as protozoans, and plankton. 
CHAPTERV 
RESUL'l'S 
Samples from the four study sites yielded a total of 9,131 
benthic invertebrates representing 96 taxa. The CRSNP study 
site produced the most taxa, 51; RCSS had 23 taxa; CT yielded 
43 taxa; and SU had 40 taxa (Table 3). 
Mean annual densities varied among study sites (Fig. 5). The 
mean annual density of RCSS was significantly different 
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Figure 5. Mean annual densities of the study sit.es. 
than those at CRSNP and CT (with a=0.05; nrcss=37, ncrsnp=40, 
nct=30). Mean annual densities were significantly different 
between RCSS and SU (with a=0.10; nrcss=37, nsu=21), and 
between CT and SU (with a=0.05; nct=40, nsu=21). Although no 
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Table 3. Seasonal taxonomic distribution among study sites. 
CRSNP RCSS CT SU 
IAXA s s F 'll. s s F 'll. s s 'll. s s 'll. m 
Oligochaeta X X X X X X X X X X X X X X DF 
Hirudinea X X X 
" " 
DF 
Nematoda X 
" 
X X X X 
" " 
DF 
Nematomorpha 
" 
DF 
Turbellaria 
" 
X X 
" " 
DF 
Hydracarina 
" 
0 
Elais X 0 
Cnidaria 
Hydra X X p 
Am phi pod a 
Bactrurus X 
" 
X 0 
Allocrangonyx 
" 
X 0 
Anisogammarus 
" 
0 
Gammarus lacustris X X 0 
Hyalella azteca 
" " " " 
X 
" 
0 
Cladocera 
" 
X MF 
Copepoda 
Eucopepoda X 
" 
X 
" 
MF 
Calanoida X MF 
Cyclopoida X X MF 
Decapoda 
Cambaridae X 0 
Isopoda 
Lirceus fontinalis X X X X X X X 0 
Ostracoda X X MF 
Mollusca 
Bivalvia X X X FC 
Stagnicola X H 
Physella X 0 
Chironomidae 
37 
Table 3 (cont.) 
Chironomus X X X X X X X X X X X X X H 
Cryptochironomus X X X X X X X X H 
Dicrotendipes X X X X H 
Einfeldia X X X X X H 
Endochironomus X X X X H 
Glyptotendipes X X X X X X X X X X H 
Harnischia X X H 
Kiefferulus X X H 
Lauterbornie/la X H 
Parachironomus X X X X H 
Paracladopelma X X X X X H 
Paralauterborniella X H 
Paratendipes X X H 
Pedionomus X H 
Phaenospectra X X H 
Polypedi/um X X X X X X X X X X X H 
Stenochironomus X X X H 
Stictochironomus X X H 
Tribe/os X H 
Paratanytarsus X H 
Rheotanytarsus X X X H 
Tanytarsus X X X X X X X H 
Anatopynia X p 
Coe/otanypus X X X X X X X X X p 
Guttipelopia X p 
Larsia X p 
Labrundinia X p 
Monopelopia X p 
Paramerina X X p 
Pentaneura X X X X X p 
Proc/adius X X X X X X X X X X p 
P sectrotanypus X p 
Tanypus X X X X X X X p 
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Table 3 (cont.) 
Cricopotus X p 
Psectrocladius X X H 
Smittia X H 
Chaoboridae 
Chaoborus punctipennis 
" " 
X X X X X X 
" 
p 
C. albatus X p 
Ceratopogonidae 
Palpomyia X X X X 
" 
X X X 
" 
p 
Stratiomyidae 
Stratiomys X 0 
Syrphidae X 0 
Coleoptera X X p 
Dytiscidae X p 
Hydroporus X p 
Laccornis X p 
Eubriidae X p 
Ephemeroptera 
Caenis X X X X X DP 
Pseudocleon X H 
Hexagenia X DP 
Hexagenia limbata 
" 
DP 
Heptageniidae X DP,H,P,PC 
Heteroptera 
Corixidae X DP 
Naucoridae X p 
Megaloptera 
Sialis X p 
S. mohri X X p 
Odonata 
Coenagrionidae X p 
Enallagma X X X p 
Ischura X p 
Corduliidae 
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Table 3 (cont.) 
Somatachlora elongata 
Tetragoneura aquea 
Libellulidae 
Erythemis 
Erythrodiplax berenice 
E. connata minuscula 
Pachydiplax 
Plecoptera 
Paracapnia 
Hes/aper/a 
Taeniopteryx parvula 
Trichoptera 
Hydroptilidae 
Oxyethira 
Leptoceridae 
Ceraclea 
Odontoceridae 
Mar ilia 
Phryganeidae 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
S,S,F,W = Spring, Summer, Fall, and Winter respectively;DF = Deposit feeders;O = Omnivores; 
P = Predators;SS = Shredders and scrapers;H=Herbivores;MF=Microfeeders;FC=Filter-collectors. 
p 
X p 
X p 
p 
p 
X p 
ss 
ss 
ss 
X FC 
X FC 
FC 
ss 
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fall sample was obtained, mean annual density (ind/m2) was 
highest in CT (5,440.00), despite the fact that no fall sample 
was collected at this site. CRSNP had the second highest mean 
annual density (3,746.67). The SU wetland had a mean annual 
density of 2,457.14; no fall sample was included. The lowest 
mean annual density was observed in RCSS (1,119.52). 
Crooked Run State Nature Presecye 
Species Composition 
Oligochaetes and dipteran larva were the dominant taxa 
collected; oligochaetes represented 68.2% of the fauna and 
dipteran larva represented 29.8%. This dominance of 
oligochaetes and dipteran larva occurred in each season (Fig. 
6). Taxa which occurred in all seasonal samples included 
oligochaetes, the chironomids Chiron om us, 
Cryptochironomus, Glyptotendipes, Polypedilum, 
Coelotanypus, and Procladius. Other prevelant taxa were the 
dipterans Chaoborus punctipennis and Palpomyia. 
Nematodes and hirudineans were encountered in all seasons, 
except summer; they were never collected in large numbers. 
Density 
Seasonal influences on benthic communities were 
reflected in mean densities (Fig. 7). The mean density of 
CRSNP peaked in winter at 5,311.11 indfm2. In spring, the 
mean density decreased to 3,177.78 ind/m2 ; by summer mean 
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Figure 6. Seasonal relative abundance of d"roinant taxonomic 
groups in CRSNP. 
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Figure 7. Mean seasonal densities for CRSNP. 
reduced to an annual low of 1,955.56 ind/m2. During fall, the 
numbers of organisms began to increase (with mean density at 
4,542.22 indfm2 ). 
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Deposit feeders represented the dominant functional 
group collected (69% of the total). Herbivores (17 .1 %), and 
predators (13.1%) were also common; all other functional 
groups collectively accounted for <1.0% (Fig. 8). 
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Figure 8. Percentage distribution of invertebrates among 
functional groups in CRSNP (DF=deposit feeders; 
H=herbivores; O=omnivores; P=predators; FC=filter/collector, 
SS=shred~ers/scrapers; MF=microfeeders). 
The relative abundance of dominant functional groups 
varied seasonally (Fig. 9). The relative abundance of deposit 
feeders was greatest in spring (75%) and winter (76%); lowest 
in summer (55%). Herbivore relative abundance was highest 
in fall (22%), similar in winter and spring (17% respectively), 
and lowest in summer (7.3%). 
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Unlike deposit feeders and herbivores, the highest 
Spring Summer Fall Winter 
Season 
Figure 9. Seasonal relative abundance of functional groups in 
CRSNP (O=omnivores; H=herbivores; P=predators; 
MF=microfeeders; FC=filter/collectors; DF=deposit feeders; 
SS=shredders/scrapers). 
percentage of predators was observed in the summer (37.7%); 
low percentages were observed in winter and spring samples 
(6% and 7% respectively). 
The temporal distribution of dominant functional groups 
from CRSNP are reported in Figure 10. Of the deposit feeders 
collected, 39% were collected in winter. Only 10.4% of the total 
collection of deposit feeders was collected in summer. 
Herbivore abundance peaked in fall and winter with values of 
38% and 35.4%, respectively. Predator numbers peaked in 
summer and fall (38% and 34%, respectively); low numbers 
were collected in winter and spring. 
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Figure 10. Temporal distribution of dominant functional 
groups in CRSNP( DF=deposit feeders; O=omnivores; 
H=herbivores; P=predators). 
Divendty 
Due to the extremely large number of oligochaetes, 
diversity measurements were relatively low during each 
season: averaging 0.50 for Ds, 2.06 for d5, and 0.57 for H'. The 
highest diversity was observed in summer and fall samples 
(Fig. 11). The lowest diversity indices were measured in 
winter and spring. This pattern was also reflected in high 
dominance (I) values in winter and spring. 
Evenness measures indicated that the most equitable 
species distributions occurred during summer and fall 
sampling periods (Fig. 12). 
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Figure 11. Seasonal diversity measurements for CRSNP 
(!=Simpson's dominance; Ds=Simpson's diversity; d8=inverse 
ofl ; H'=Shannon diversity). 
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Figure 12. Seasonal measurements of evenness for CRSNP 
(E8=evenness for D8; e8=evenness for d8; J'=evenness for H'). 
Spatial,Distrihuti.on 
The number of benthic invertebrates collected in CRSNP 
varied spatially (Fig. 13). Benthic invertebrates were most 
abundant in stations eight and ten, which hosted 15.8% and 
47 
18.8% of the total sample, respectively. Stations five, six and 
seven accounted for <18% of the total sample, collectively. 
Most of the CRSNP samples were dominated by >55% deposit 
feeders (Fig. 14). The exceptions were stations near inflows 
where benthos was > 70% deposit feeders. Herbivores 
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Figure 13. Spatial distribution of invertebrates (as a 
percentage of the total collection) in CRSNP. 
accounted for >10% for most samples; major herbivore 
contributions were observed in stations two, three, and eight, 
located in intermediate, and outflow areas. Unlike deposit 
feeders and herbivores, predators were more abundant in 
samples taken in the intermediate areas of the wetland. 
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Figure 14. Relative abundances of functional groups per 
station in CRSNP (DF=deposit feeders; O=omnivores; 
H=herbivores; P=predators). 
Rowan County Sphagnum flwmp 
Species Composition 
Oligochaetes and crustaceans (predominantly Lirceus 
fontinalis) dominated the benthos collected from RCSS; they 
accounted for 77.0% and 14.9%, respectively, of all organisms 
collected. Oligochaetes dominated samples for all seasons 
except fall, in which crustaceans dominated (Fig. 15). 
Dipteran larvae, primarily the chironomid larva of 
Chironomus and Polypedilum, made up most of the remaining 
fraction. The majority of oligochaetes (86%) and crustaceans 
(46%) were collected in spring samples; the fewest were 
collected in fall. samples. Dipteran larva were most abundant 
in summer. 
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The isopod, Lirceus fontinalis, was also collected in all 
seasons. The amphipod Bactrurus was collected in all 
seasons, except summer; it was never as abundant as L. 
fontinalis. 
Density 
Mean densities ofbenthic invertebrates in RCSS peaked 
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Figure 15. Seasonal relative abundance of dominant 
taxonomic groups in RCSS. 
in spring (2,304.36 indfm2; Fig. 16). Invertebrate densities. 
declined in summer (1,389.09 ind/m2), and fell to the lowest 
average density in fall (124.32 ind/m2). The dominant 
functional groups in RCSS (Fig. 17) were deposit feeders 
(77.6%), and omnivores (13.9%). Herbivores and predators 
were less abundant than deposit feeders and omnivores, but 
50 
N 3000 
:::. 
-C 
z 
> 2000 t:: 
en 
z 
w 
C 
z 1000 
c( 
w 
:::. 
SUMMER FALL WINTER 
SEASON 
Figure 16. Mean seasonal densities for RCSS. 
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Figurel 7. Percentage distribution of invertebrates among 
functional groups in RCSS (MF=microfeeders; P=predators; 
H=herbivores; O=mnnivores; FC=filter/collectors; DF=deposit 
feeders; SS=shredders/scrapers). 
herbivores and predators were always present. The smallest 
proportion of invertebrates were represented by microfeeders. 
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The relative abundances of functional groups varied 
seasonally (Fig. 18). Deposit feeders peaked in relative 
abundance in spring samples, composing 86.5%; they were· 
also the dominant group in the summer and winter. The 
relative abundance of other functional groups increased only 
when the numbers of deposit feeders decreased. Deposit 
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Figure 18. Seasonal relative abundance of functional groups in 
RCSS (DF=deposit feeders; O=omnivores; H=herbivores; 
P=predators). 
feeders and omnivores were co-dominant in the fall, they 
comprised 46.4% of the sample. Unlike deposit feeders, the 
relative abundance of omnivores was lowest in summer (6.8%), 
although actual numbers were not greatly different in 
summer and fall. The relative abundance of herbivores and 
predators was highest in summer (20.1 % and 6.4%, 
respectively), and lowest in spring (0.2% and 0.8%, 
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respectively). Winter numbers of herbivores and predators 
were also low. 
The temporal distribution of invertebrate functional 
groups also varied in the RCSS (Fig. 19). Deposit feeder 
densities peaked in spring; 62.1 % were collected at this time. 
Only 1.8% of deposit feeders were sampled in fall. Similarly, 
omnivore numbers peaked in spring, with 49.2% collected at 
this time. Low numbers of omnivores were recorded in the 
• 
summer and fall (11.5% and 10.0%, respectively). The greatest 
abundance of herbivores was collected in summer (91.6%). 
Herbivore abundance varied little in other seasons. Predator 
abundance peaked in summer (66.7%), and was low in fall 
(4.8%). 
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Figure 19. Temporal distribution of dominant functional 
groups in RCSS (DF=deposit feeders; O=omnivores; 
H=herbivores; P=predators). 
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Diversity 
Diversity measurements for seasonal samples, from 
RCSS, averaged 0.49, 2.16, and 0.45 for Ds, d5 , and H' 
respectively. Diversity peaked in fall (Ds=0.68, ds=3.13, 
H'=0.58), declined over winter to the lowest values in the 
spring, then increased in summer (Fig. 20). This trend in 
diversity was reaffirmed by seasonal values of dominance (1) 
which were high in the spring and low in the fall. In this way, 
oligochaetes controlled diversity measurements. Evenness 
measures exhibited similar trends with the most equitable 
distributions occurring in the fall (E5=0.77, e5=0.35, J'=0.68), 
and the least equitable distributions in the spring (Fig. 21). 
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Figure 20. Seasonal diversity measurements for RCSS 
O=Simpson's dominance; Ds=Simpson's diversity; ds=inverse 
ofl; H'=Sbannon diversity). 
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Spati,al distribution 
The spatial variation of benthic invertebrate abundance in 
RCSS is reflected in the percentage contribution of each station 
to the total harvest of invertebrates (Fig. 22). The majority of 
benthic invertebrates (63.6%) were collected in an intermediate 
area, station six, and an outflow area, station ten. 
0.8 
Bl Es 
0.6 IEI es 
~ J' 
0.4 
0.2 
0.0 
SPRING SUMMER FALL WINlER 
SEASON 
Figure 21. Seasonal measurements of evenness for RCSS 
CEs=evenness for Ds; es=evenness fords; J'=evenness for H'). 
Inflow areas contained only 10% of the benthic invertebrates 
collected. Large numbers of deposit feeders were collected in 
stations six and ten; accounting for 56.6% of the total harvest of 
invertebrates. Major omnivore contributions came from inflow 
and outflow areas. Herbivores were represented in the 
intermediate areas of the swamp (Fig. 23). 
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Figure 22. Spatial distribution of invertebrates (as a 
percentage of the total collection) in RCS8. 
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Figure 23. Distribution of functional groups (as a percentage of 
the total collection) among sampling stations in RCSS. 
The spatial distribution of invertebrates in the RCSS was 
greatly influenced by the numbers of omnivores and deposit 
feeders (Fig. 24). Omnivores dominated samples from stations 
56 
one and two, near the inflow areas. Deposit feeders dominated 
samples from all other stations, and accounted for 92.2% of the 
benthic invertebrates collected from station ten at the outflow. 
The numbers of other functional groups were sporadic. 
Measureable numbers of less dominant functional groups 
were the result of low numbers of all groups in the sample. 
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Figure 24. Relative abundance of functional groups per 
sampling station in RCSS (DF=deposit feeders; O=omnivores; 
H=herbivores; P=predat.ors; MF=microfeeders). 
CrensbawTract 
Species Composition 
The benthos collected from sampling stations in the 
Crenshaw Tract was dominated by oligochaetes (70.2%), and 
dipteran larvae (21.9%). Prevalent dipteran larvae included 
Chironomus, Cryptochironomus, Glyptotendipes, 
Paracladopelma, Pentaneura, Palpomyia,and Chaoborus 
punctipennis. Data for relative abundance indicated a 
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dominance of oligochaetes in all seasons; however, dipteran 
larvae were also present (Fig. 25). The majority of oligochaetes 
and dipteran larvae were collected in the .summer. Nematodes 
accounted for 5.0% of the annual collection; nematodes were 
most abundant during spring. 
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Figure 25. Seasonal relative abundance of dominant 
taxonomic groups in CT. 
Oligochaetes and nematodes occurred in samples 
collected in all seasons. Other taxa collected in all seasons 
were Hyalella azteca, Copepoda, Chironomus, Glyptotendipes, 
Parachironomus, Paracladopelma, Polypedilum, Tanytarsus, 
Pentaneura and Caenis . 
Density 
The mean density of benthic invertebrates peaked in 
summer at 9,030.96 indfm2 (Fig 26). Fall data are not 
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represented, because Kentucky Department of Fish and 
Wildlife Resources regulations prohibited access to the study 
site in that season. However, the mean density of benthic 
invertebrates decreased considerably in winter (3,774.0 incl/m2) 
and summer (3,498.72 indfm2) samples. 
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Figure 26. Mean seasonal densities for CT. 
Functional groups were dominated by deposit feeders 
(76%) in the CT. Herbivores accounted for 14.7%, predators for 
7.5%, and omnivores for 1.3%, of the total number of benthic 
invertebrates. Shredders-scrapers, filter-collectors, and 
microfeeders, represented <l.0% of the total sample data for 
the CT (Fig. 27). 
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Figure 27. Percentage distribution of invertebrates among 
functional groups in CT (MF=microfeeders; P=predators; 
H=herbivores; O=omnivores; FC=filter/collectors; DF=deposit 
feeders; SS=shredder/scrapers). 
Data for relative abundance in the CT showed a 
dominance of deposit feeders for each season; deposit feeders 
constituted >62% of each sample (Fig. 28). Herbivores were 
present in consistent numbers in each season (>12.0%), while 
the relative abundance of predators varied. Major numbers of 
predators Were collected in spring (17.6%) and winter (9.4%). 
The relative abundance of omnivores was greatest in summer 
and winter (Fig. 28). Omnivores were absent from spring 
samples. 
Functional groups showed marked peaks in seasonal 
abundance in CT (Fig. 29). Peak deposit feeder (61.1%) and 
herbivore (46.8%) activity was reported in summer. Deposit 
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Figure 28. Seasonal relative abundance of dominant 
functional groups in CT (DF=deposit feeders; O=omnivores; 
H=herbivores; P:predators). 
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Figure 29. 'J:'eniporal distribution of dominant functional 
groups in CT (DF=deposit feeders; O=omnivores; 
H=herbivores; P=predators). 
feeders and herbivores were relativ_ely evenly distributed in 
winter and spring samples, with. slightly more individuals 
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being collected during the winter sampling. The majority of 
omnivores were collected in CT in winter (72.3%), but numbers 
collected in spring were low. Predator numbers peaked in 
spring (50%), and decreased to their lowest level in summer 
samples. 
Diversity 
The diversity measurements for CT averaged 0.55, 2.60, and 
0.63 for D8 , d8 , and H' respectively. Diversity peaked (Fig. 30) at 
CT in spring (D8=0.74, d8=3.85, H'=0.82) and declined greatly by 
summer. Winter samples in CT exhibited an increase in 
diversity greater than that calculated for the summer (Fig. 30). 
Evenness measures followed diversity trends (Fig. 31), with the 
most 
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Figure 30. Seasonal diversity measurements for CT 
O=Simpson's dominance; D5=Simpson's diversity; d5=inverse 
ofl; H'=Shannon diversity). 
0.8 
0.6 
0.4 
0.2 
0.0 
SPRING 
Ii! Es 
1!!111 es 
~ J' 
SUMMER FALL 
SEASON 
62 
WINTER 
Figure 31. Seasonal measures of evenness for CT <Es=evennes 
for D5; e5=evenness for ds; J'=evenness for H'). 
being observed during spring (Es=0. 76, es=0.13, J'=0.56). 
Dominance (1) values were low in spring (during high 
diversity) and peaked in summer (during low diversity). 
Spati,a],Distribution 
Benthic invertebrate abundance varied among sampling 
stations (Fig. 32). Most benthic invertebrates were collected in 
stations near the inflow (40%) and the outflow (42.3%). Deposit 
feeders collected from inflow and outflow areas amounted to 
60.4% of the total invertebrate harvest from CT. The four 
stations located in the intermediate area accounted for only 
17. 7% of the total benthic invertebrates collected. Herbivores 
collected from inflow areas accounted for 9. 7% of the total 
invertebrate harvest (Fig. 33). 
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Figure 32. Spatial distribution of invertebrates ( as a 
percentage of the total collection) in CT. 
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Figure 33. Distribution of functional groups (as a percentage of 
the total collection) among sampling stations in CT 
(DF=deposit feeders; O=omnivores; H=herbivores; 
P=predators). 
Deposit feeders comprised >59% of the benthic 
invertebrates collected from each station. Most of the 
herbivores were collected from stations located in inflow and 
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intermediate areas. Predators were represented in at least one 
station, from the inflow, intermediate, and outflow areas of the 
wetland, in aoundances >10%. Omnivores mainly occurred in 
intermediate and outflow areas in CT (Fig. 34). 
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Figure 34. Relative abundance of functional groups per station 
in CT (DF=deposit feeders; O=omnivores; H=herbivores; 
P=predat.ors). 
SauerheberUnit 
Speci,es composition 
The benthos from Sauerheber Unit was dominated by 
oligochaetes and dipteran larvae which accounted for 94.4% of 
the benthic invertebrates collected. Dipteran larvae were 
predominantly chironomid larvae of Chironomus, 
Cryptochironomus, Dicrotendipes, Glyptotendipes, 
Polypedilum, Endochironomus, Einfeldia, Tanytarsus, and 
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Coelotanypus although Chaoborus punctipennis and 
Palpomyia were also present. Dipteran larvae dominated 
summer samples; oligochaetes dominated spring and winter 
samples (Fig. 35). 
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Figure 35. Seasonal relative abundance of dominant 
taxonomic groups in SU. 
Taxa which were collected during every sampling event 
included oligochaetes, and the dipteran larvae of Chironomus, 
Cryptochironomus, Glyptotendipes, Coelotanypus, Procladius, 
Chaoborus punctipennis , and Palpomyia. 
Density 
The mean density of benthic invertebrates peaked during 
winter at 4,515.92 ind/m2 at the SU (Fig. 36). Seasonal 
invertebrate densities declined during spring. Mean density 
decreased to the lowest level in the summer sampling period 
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(431.12 ind/m2). Data for the fall sampling period are not 
reported for the SU due to state regulations prohibiting access 
to this study site during fall. 
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Figure 36. Mean seasonal densities in SU. 
The majority of benthic invertebrates were distributed 
among four functional groups (Fig. 37): deposit feeders (69.2%);· 
herbivores (16.5%); predators (10.9%); and omnivores (2.9%). 
Deposit feeders were the dominant organisms in samples 
collected for all three sampling periods (Fig. 38). Samples 
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collected in spring were comprised of 72. 7% _deposit feeders, 
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Figure 37. Percentage distribution of invertebrates among 
functional groups in SU (O=omnivores; P=predators; 
H=herbivores; DF=deposit feeders). 
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Figure .38. Seasonal relative abundance of functional groups in 
SU (DF=deposit feeders; FC=filter/collectors;.O=omnivores; 
H=herbivores; P=predators;·MF=microfeeders). 
8.9% herbivores, and 17.8% predators. Data for the summer 
samples show a more even distribution among functional 
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groups, with deposit feeders becoming less dominant (45.6%), 
and omnivore and predator abundances increasing. Deposit 
feeders increased in dominance in winter ( 69.5% ). 
The temporal distribution of each functional group was 
marked by a seasonal peak; however, low numbers for all 
groups were observed in summer (Fig. 39). The number of 
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Figure 39. Temporal distribution of dominant functional 
groups in SU (DF=deposit feeders; H=herbivores; P=predators). 
deposit feeders peaked in winter (61.6%), as did omnivores 
(97.1%), and herbivores (71.4%). The greatest number of 
predators was observed in spring (54%). 
Diversity 
Diversity calculations for SU averaged 0.58 for D5, 2.64 for 
d5 , and 0.66 for H' during this study. Invertebrate diversity 
peaked during the summer sampling period (D5=0.75, d5=4.00, 
H'=.80); it was lowest in the spring sampling period (Fig. 40). 
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Dominance (1) values show a predictable corresponding 
contrast to diversity data; low dominance in summer and high 
dominance in spring. The most equitable distribution of 
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Figure 40. Seasonal diversity measurements for SU 
(l=Simpson's dominance; Ds=Simpson's diversity; ds=inverse 
ofl; H'=Shannon diversity). 
benthic invertebrates in SU was calculated for the summer 
sample (Fig. 41), during the period of high diversity (Es=0.80, 
es=0.23, J'=0.70). 
Spatig],Distribution 
The number of benthic invertebrates varied spatially between 
sampling stations in SU (Fig. 42). Generally, comparisons of 
station data show that invertebrate station data show that 
invertebrate distributions throughout the SU were fairly 
uniform, except for station four. The number of invertebrates 
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Figure 41. Seasonal measurements of evenness in SU 
<Es=evenness for Ds; es=evenness fords; J'=evenness for H'). 
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Figure 42. Spatial distribution of invertebrates (as a 
percentage of the total collection) in SU. 
collected from station four (located in the intermediate area of 
the wetland) accounted for 38.9% of the total invertebrate 
harvest for SU. 
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Deposit feeders were dominant at all stations (Fig. 43). 
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Figure 43. Relative abundance of functional groups per station 
in SU ·(DF=deposit feeders; O=omnivores; H=herbivores; 
P=predat.ors). 
Herbivores constituted >10% of the benthos in each station, 
with the exception of station seven. Herbivores approached co-
dominance in station five, where they accounted for 29.4% of 
the benthic invertebrates. Deposit feeders from station five 
accounted for 30.3% of the benthic invertebrates. This 
apparent balance can be attributed to a decrease in the 
numbers of deposit feeders, rather than a great increase in the 
numbers of other groups. 
Otbe~inyestigations 
Colonizatwn pl,ates 
Colonization plates placed in the RCSS in spring for a 
period of two weeks (30 May 1990-13 June 1990), were not 
colonized by benthic invertebrates. The only invertebrates 
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found near the colonization plates were mobile crustaceans, 
which did not anchor to the artificial substrate. 
Unique S_peci.es 
Specimens of the mysid shrimp Taphromysis louisianae 
Banner, 1953, were collected in dip nets while sampling in the 
CRSNP. No specimens were collected in Ekman dredge 
samples. Specimens of T. louisianae were collected during 
every sampling event from February 1990 to February 1991: in 
February 1990, 14 female and 13 male specimens of 
synchronous age were collected; nine specimens of 
synchronous age were collected in April 1990; more than 20 
specimens of varying age classes were collected in November 
1990. 
To investigate spatial patterns, and habitat preference, 
dip net samples were taken in a wide range of depths over the 
entire wetland during February 1991. Eckman dredge samples 
of substrate indicated that conditions for each station were 
similar. The substrate was composed of sandy silt, and 
approximately 10% organic matter. Although depth ranged 
from 0.2-1.0m, twenty specimens were collected in 
intermediate areas (near station eight) over shallow flats. 
These shallow flat areas exhibited the highest percent organic 
matter of the substrate areas investigated (>10%). Nine 
specimens were collected from steep bank areas near stations 
six and seven; seven from the northeast embayment near 
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station one. No specimens were collected from stations in the 
outflow areas near the Ohio River. Water quality 
measurements showed an average conductivity of 300 micro-
mhos; salinity was below the limits of detection. 
CHAPTERVI 
DISCUSSION 
The distributions of benthic inverebrates among the four 
study sites were different in many aspects. For example, 
benthic invertebrate mean seasonal densities peaked in 
different seasons in the wetland study sites: CRSNP peaked in 
winter; RCSS peaked in spring; CT peaked in summer; SU 
peaked in winter. The reasons for such disparities are not 
immediately apparent; however, each wetland was of a 
different type, and was subject to different intrinsic and 
extrinsic factors. Benthic invertebrate distributions also 
differed. Four factors were thought to influence benthic 
invertebrate distributions: hydrologic and physical factors; food 
sources; predator-prey interactions; habitat influences. 
Hydrowgic and Physical, Factors 
Wetland functions are closely tied to hydrology, which 
varies seasonally in wetlands. In this part of North America, 
lower water levels, warm temperatures, and anaerobic 
conditions commonly occur during warmer months. Summer 
conditions produce harsh wetland stresses, such as anoxia 
and dessication, which result in low invertebrate densities 
(Scott and Osborne, 1981; Sklar, 1985; Riley and Bookhout, 
1990). Such conditions may explain the low invertebrate mean 
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densities observed during summer and fall in the RCSS, 
CRSNP, and SU. 
Among the wetlands studied, the RCSS exhibited the 
lowest mean annual density of invertel:>rates. Low density 
may be attributed, in part, to the dry periods of the fall that 
occurred in the RCSS. However, some benthic invertebrates 
such as crustaceans can burrow into the substrate and 
estivate, or migrate vertically, to avoid the stresses of 
dessication and anoxia (Sklar, 1985). Furthermore, increased 
amphipod movements have been associated with increasing 
wetland water temperatures (Corkum, 1984). These 
adaptations to harsh conditions may explain the 
preponderance of crustaceans in the RCSS. 
The SU, like the RCSS, was a stagnant water wetland and 
was subject to low water levels and anoxic conditions in the 
summer months. However, this wetland, unlike the RCSS, 
had abundant littoral emergent vegetation, cypress buttresses, 
and mats of floating macrophytes (duckweed). Some benthic 
invertebrates are behaviourally adapted to utilize various 
forms of aquatic vegetation as a means of escaping anoxia. 
Invertebrates may climb upon emergent vegetation and/or 
swim to floating vegetation, where they can live above 
anaerobic water layers. Floating macrophytes offer 
particularly good refuge in harsh anaerobic waters (Sklar, 
1985). Benthic invertebrates may have utilized the abundant 
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vegetation in the SU for refuge in summer; such utilization 
may explain the higher mean annual density of benthic 
invertebrates in the SU compared to that in the RCSS. 
The CRSNP exhibited the second largest mean annual 
density of benthic invertebrates. The CRSNP may have been 
subject to the summer stress of anoxia. Evidence for stress 
was indicated by the fact that the lowest mean density of 
invertebrates occurred during summer in the CRSNP. 
However, the flowing and pulsing hydrologic regime of the 
CRSNP may have aided in sustaining a greater number of 
benthic invertebrates than RCSS and SU. The flowing water 
regime of the CRSNP may have prevented the development of 
severe anoxic conditions (Mitsch and Gosselink, 1986). 
Furthermore, the pulsing hydrologic regime may have acted 
as an energy subsidy rather than a stress (Conner and Day, 
1976). Evidence for these theories reside in the fact that most 
invertebrates in CRSNP were collected near inflow and outflow 
areas, where the flow of water was noticeably greater. 
The CT hosted the greatest mean annual density of 
invertebrates in the wetlands studied. In this wetland, peak 
mean invertebrate density occurred during summer; the 
period when stresses should be the greatest. The CT, unlike 
all other study sites was characterized by abundant emergent 
vegetation. The CT also had a flowing water regime, unlike 
the RCSS and the SU. 
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The presence of aquatic macrophytes may have provided 
relief from stresses by allowing invertebrates to climb out of 
anaerobic waters, or to live among floating macrophytes; both 
of which are located in more aerobic regions (Sklar, 1985). The 
aquatic macrophyte habitat in the CT was most prominent in 
summer, when emergent water lilies (Nuphar tuberosum) 
were well established. Furthermore, the roots of many aquatic 
macrophytes are located at the sediment water interface, 
where there is a thin oxidized region even in anaerobic waters. 
The additional habitat in the form of roots and rhizomes may 
have provided refuge from stress (Scott and Osborne, 1981; 
Mitsch and Gosselink, 1986). 
The flowing water regime of the CT, like that of the 
CRSNP, may have prevented the development of severe anoxic 
conditions (Mitsch and Gosselink, 1986). The majority of 
invertebrates in the CT, like those of the CRSNP, were collected 
near the inflow and outflow; further indicating the strong 
positive influence of hydrologic regimes on benthic 
invertebrates. The intermediate areas of this wetland may 
have been sufficiently deep and had water velocities slow 
enough, to allow stratification and the development of an 
anoxic layer which lowered benthic invertebrate densities in 
these areas (Scott and Osborne, 1981; Riley and Bookhout, 
1990). 
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The results from these four study sites indicate a 
hydrologic pattern: the mean annual density of benthic 
invertebrates becomes increasingly greater as the hydrologic 
regime becomes less stagnant. 
Food Sources 
The abundance of vegetation in aquatic systems has been 
shown to increase invertebrate density (Watkins et.al. , 1983; 
Sklar, 1985; Schramm and Jirka, 1989). However, the use of 
vegetation as a food source for invertebrates varies. Some 
aquatic plants may be nutritionally poor, due to limited 
digestability (Boyd, 1970). Some plant species produce 
allelopathic substances which limit their use as a food source 
for invertebrates (Hutchinson, 1975). It is only after the plant 
has undergone some decomposition that it becomes a usable, 
palatable food source for invertebrates (Hutchinson, 1975; 
Smock and Stoneburner, 1980). 
Smock and Stoneburner (1980) reported that 
macroinvertebrate densities increased significantly as 
decomposition progressed. Also, naidid oligochaetes were 
almost completely dependent on the decomposition process to 
provide food. Initial decomposition of plant material is 
accomplished by microorganisms (Hemond, 1983) which are 
responsible for initial uptake and remobilization of nutrients 
(Richardson and Marshall, 1986; Atlas and Bartha, 1981). 
These microorganisms, in turn, provide food sources for 
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invertebrates by being eaten or by altering the plant material 
(Smock and Stoneburner, 1980). The physical or biological 
fragmentation of plant material has been shown to make new 
food sources available to invertebrates (Petridis, 1990). 
The view that mature wetland ecosystems are detritus 
based systems is supported by the fact that all wetland study 
sites were dominated by deposit feeding invertebrates; these 
organisms rely on processed, fine· and organic material, and 
detritus in sediments. 
The RCSS, was host to a large number of omnivores, 
which were dominant during summer. In contrast to other 
study sites, the large number of omnivores in the RCSS seem 
to indicate the immaturity of the RCSS ecosystem. Blevins 
(1991) provided biogeochemical evidence to support the 
conclusion that the RCSS did not act as a mature natural 
wetland system during this study. 
The abundance of omnivores in the RCSS was more 
probably a result of the typical conditions in this forested 
swamp. There was a scarcity of herbivorous dipterans which 
may have been due to the lack of emergent vegetation resulting 
from shading produced by the forest canopy. Blevins (1991) 
suggested shading in the RCSS resulted in low chlorophyl a 
levels. Shading has also contributed to low chironomid 
densities by reducing benthic plant growth (Titmus, 1979). 
Conversely, high chironomid productivity has been attributed 
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to abundant algal growth and the amount of autochthanous 
plant detritus (Moore, 1980), both of which would be more 
prevalent in open areas. In the RCSS, the numbers of 
invertebrates (including the numbers of herbivores), the 
average dissolved oxygen content, and the amount of 
chlorophyl a were all higher in open areas (Blevins, 1991). 
This scenario also helps to explain the prevalence of 
omnivorous crustaceans. By having a less restricted diet, 
omnivores had a competitive advantage over herbivores. For 
example, Pennak (1990) reported that isopod and amphipod 
crustaceans may utilize vegetation, leaves, grass, and/or dead 
or injured animals as a food source. The RCSS, as an 
environment with limited resources, may provide conditions 
where these omnivorous crustaceans proliferate. 
The high mean spring density of benthic invertebrates in 
the RCSS may also be explained by analyzing food sources. 
Low pH levels in the RCSS (Blevins, 1991) may have retarded 
initial decomposition of litter by microbes and, thereby, limited 
food sources for benthic invertebrates (Smock and Stoneburner, 
1980). The slow decomposition of litter may have resulted in 
delayed colonization by invertebrates. Furthermore, much of 
the fall litter input could not have been utilized because of dry 
conditions experienced in fall. Therefore, the density of 
invertebrates in the RCSS increased through winter, as water 
levels increased, and peaked in spring during high water 
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levels; when additional litter became available for invertebrate 
consumption. The aquatic invertebrate consumption of 
standing litter has been shown to be much greater in spring 
when compared to fall consumption (Andersson and Danell, 
1982). Additionally, the consumption of some plant material, 
such as smartweed litter, is most dramatic in spring when 
the plants have been protected from invertebrate consumption 
and physical abrasion in fall (Davis and van der Valk, 1978). 
Winter peaks in mean density were reported in the 
CRSNP and the SU wetlands. The greater density of 
invertebrates probably occurred in winter as a result of fall 
litter inputs. Furthermore, stresses would have been less 
harsh as temperatures became cooler and water levels 
increased; thus producing favorable environmental conditions 
(Sklar, 1985). In the SU, peak invertebrate density was reached 
in the winter season. 
Allochthanous food sources entered the CRSNP wetland 
via the inflowing stream, and/or from hydrologic pulses of the 
Ohio River. During this study, there was a noticebly greater 
amount of unaltered allochthanous material near inflow areas 
which could have provided an immediate and fresh food source 
for benthic invertebrates. The additions of allocthanous food 
sources from outside a system provides an important subsidy 
to organisms living in wetlands (Mitsch and Gosselink, 1986). 
The additional food sources from outside the CRSNP system 
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may have elevated the food base, and thereby produced a 
greater invertebrate density (in contrast to the stagnant water 
study sites, RCSS and SU). 
The invertebrates of the SU, like those of the CRSNP, were 
also more numerous in winter samples. Most of the floating 
macrophytes in the SU disappeared in winter and may have 
served as a winter food source for invertebrates. Furthermore, 
most of the invertebrates in the SU were collected at one station 
(four), which was situated near a cypress buttress. The large 
number of invertebrates occurring near this cypress buttress 
could be a result of wind and wave action causing leaf litter 
and/or floating marcrophyte litter accumulation near this 
cypress buttress; thus a large number of invertebrates were 
collected here. In stream situations, higher densities of 
invertebrates have been associated with deposition of detritus 
around vegetation (Barber and Kevern, 1973). 
Unlike the other study sites, the CT exhibited peak 
invertebrate mean density in summer, when stresses would 
likely be the greatest. Most of the emergent vegetation in the 
CT belonged to the family Nymphaecae. Some members of the 
family, such as Nelumbo, produce allelopathic substances 
which retard decomposition (Hutchinson, 1975). This delayed 
decomposition would reduce the nutritional value of the plants 
for benthic invertebrates. As the plant material progressively 
decomposes, the nutritional value increases; the result is a 
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greater number of invertebrates that utilizes this as a food 
source (Smock and Stoneburner, 1980). 
Despite the absence of a fall sample, the CT hosted the 
greatest mean annual density of invertebrates. The CT had 
both a flowing water regime and abundant emergent 
vegetation. The abundance of vegetation has been shown to 
increase invertebrate density (Watkins et.al., 1983; Sklar, 1985; 
Schramm and Jirka, 1989). Like the CRSNP, the CT had the 
addition of allochthanous plant detritus derived via flowing 
water. It was evident that the majority ofbenthic invertebrates 
in the CT were collected in inflow and outflow areas. The 
smallest number of benthic invertebrates were collected in 
intermediate areas of the CT. The intermediate areas of the 
CT, unlike the inflow and outflow regions, were usually deeper 
and were covered by dense stands of water lily (Nuphar 
tuberosum). The greater depths, and the shade produced by 
the water lilies in the intermediate areas of the CT, may have 
reduced benthic invertebrate densities by limiting benthic plant 
growth and the food source (Titmus, 1979; Schwartz and 
Gruendling, 1985). 
Predator-Prey Interactions 
The data indicated close community interaction in all four 
wetland study sites. A common the~e in the CRSNP, RCSS, 
and the CT, was the temporal relation of predators and prey; 
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the numbers of predators increased as the numbers of other 
groups decreased. 
The spatial abundances of predators followed closely the 
abundances of other groups in all four wetland study sites. 
These observations show the close dependence of predators on 
prey organisms during a given time period. However, other 
groups, such as herbivores and deposit feeders, may be 
indirectly reliant upon predators. For instance, Batzer and 
Resh (1991) found that in the absence of predators, some 
invertebrates may deplete food reserves, such as periphyton, 
sufficiently enough to create a density dependent decrease in 
numbers. 
Predator numbers in the SU wetland did not follow the 
patterns found in the other study sites. In the SU wetland, as 
the numbers of other groups increased the numbers of 
predators increased, both spatially and temporally. This 
pattern does not follow the classical predator-prey 
relationships observed in the other study sites. However, the 
presence of open water habitats interspersed among vegetated 
habitats, as in the SU, may allow predator numbers to increase 
without significantly lowering the prey base (Batzer and Resh, 
1991), or may provide refuge for prey organisms (Scott and 
Osborne, 1981) 
85 
Habuat 
The importance of vegetation as habitat for benthic 
invertebrates has been discussed by various authors (Watkins 
et.al., 1980; Sklar, 1985; Schramm and Jirka, 1989; Wrubleski 
and Rosenberg, 1990). However, the importance of substrates 
is also significant. Higher densities of invertebrates have been 
observed in open areas of wetlands with substrates of firm 
sand and organic matter, even when compared to vegetated 
areas of the same wetland (Schramm and Jirka, 1989). 
Schramm and Jirka (1989) also found that when communities, 
in similar substrates, were compared, the density was greatest 
in vegetated regions. The presence of aquatic macrophytes 
may also reduce water movement, and increase litter 
accumulation; thereby, creating stabile substrates (Barber and 
Kevern, 1973). The presence of emergent vegetation in the 
flowing water regime of the CT would increase invertebrate 
density by creating both habitat and stable substrates. 
The presence of abundant vegetated habitats may also 
explain why there was a greater mean annual density of 
invertebrates in the SU than in the RCSS. The RCSS, as a 
recently reconstructed system, may not have had time to 
develop adequate substrates for colonization by a large number 
of invertebrates. Furthermore, the paucity of vegetation in the 
RCSS may reduce the number of benthic invertebrates. 
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With respect to habitat, the comparison of mean annual 
densities of the SU and CRSNP is unclear. The SU wetland 
had abundant vegetative habitats while the CRSNP had no 
vegetation. The prevalence of higher densities in CRSNP than 
in the SU indicates that factors other than vegetation become 
important in the determination of density. According to 
Schramm and Jirka (1989), the stable firm substrates, such as 
those of the CRSNP, are more desirable to benthic 
invertebrates; such prevailing conditions provide an 
explanation for the greater invertebrate density occurring in 
the CRSNP. 
The presence of vegetation may also increase substrate 
habitats by providing a living network of root masses and 
rhizomes (Schramm and Jirka, 1989). Schwartz and 
Greundling (1985) found invertebrate fauna! diversity to be 
related closely to submergent vegetation. Also, the diversity of 
invertebrates associated with vegetation may flucuate less than 
invertebrate diversity in sediments (Sklar, 1985). 
Both the CT and SU exhibited the greatest diversity of the 
wetlands studied. The SU had a slightly greater diversity than 
the CT. The SU diversity was probably due to the large number 
of habitats in the SU; floating macrophytes, cypress buttresses, 
submergent and emergent vegetation, littoral vegetation, and 
open water habitats. The number of different habitats in the 
SU may explain why the invertebrates in the SU were more 
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evenly distributed among the taxa as indicated by greater 
evenness measures in the SU than in the CT. Similarly, the 
relatively small number of habitats in the CRSNP and the 
RCSS is indicated by the low diversity measurements of the two 
systems. 
The diversity in all four wetland study sites was low. The 
low diversity was partly the result of this study being limited to 
collecting only sediment invertebrates; it did not include 
invertebrates living in the water column. However, the low 
diversity of invertebrates from the sediments may not be 
uncommon, and has been reported in other studies (Sklar, 
1985). 
Unique S-pecies 
Specimens of T. louisianae , including both sexes and 
various size classes, were collected throughout the year during 
the study period. The collection of T. louisianae in CRSNP 
represents a resident population, and a northward range 
extension of approximately 1000km. This mysid normally 
inhabits shallow water embayments and ditches of low salinity 
along the northern rim of states in the Gulf of Mexico.from 
Galveston, Texas to Florida (Banner, 1953;Conte, 1972; Conte 
and Parker, 1971; Hamaker and Matthews, 1979; Kalke, 1972; 
Sheridan and Lewis, 1981; Stuck et.al., 1979). The habitats 
occupied by T. louisisanae in the Gulf of Mexico are similar to 
the those found in CRSNP; however, physical parameters such 
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as temperature, conductivity, and salinity, may flucuate more 
in this northern environment. Furthermore, salinity values 
were not detectable, and conductivity measurements were 
lower than those in the Gulf of Mexico where T. louisianae has 
been reported (Table 4). 
Current records indicate a disjunct distribution from the 
Gulf of Mexico to the Ohio River wetland. The population of 
mysids in CRSNP may representative of a geographical isolate, 
or a peripheral population of the populations found in the Gulf 
of Mexico. Because T. louisianae has adapted to marginal 
habitats and to this northern habitat along the Ohio River, it 
may be speculated that the Mississippi River served as a 
corridor for migration from the Gulf of Mexico. This northern 
population may also represent a relict species which has 
increased in numbers as the Ohio River became more 
lacustrine due to the locks and dams . Such scenarios would 
be supported by additional records along the Ohio River and the 
Mississippi River. Our searches in backwater drains and 
ditches along the Ohio River, in Henderson and Union 
counties of western Kentucky, produced no additional 
specimens. However, subsequent to this study, an additional 
collection of T. louisianae was made along the Ohio River in 
Boone County, Kentucky (Gerald DeMoss, pers. comm.). 
Table 4. Data from collection records of Taphromysis wuisianae Banner (1953) .. 
Site 
Vermilion 
Parish, LA 
East Bay, 
Franklin Co. 
FL 
Blackwater 
River, Milton, 
Fl 
Cedar Pt., 
MS 
Alligator Lake 
Galveston,TX 
Oyster Lake 
Galveston, TX 
Cedar Bayou 
and Trinity 
Bay, Galveston, 
TX 
CRSNP, 
Clermont Co. 
OH 
pH 
7.4-
8.8 
D,O, 
7.3-11.1 
1.0-
8.8 
6.5 o.8• 
12.8b 
Cond, 
2000-
6700 
330 
Sal. 
0 
0 
1-2 
0-22 
9-26 
0.1-
28.0 
0 
Temp, 
14-30° 
13-21° 
7-31 ° 
12-31 ° 
14-
25.50 
8-22° 
Substrate 
mud,no 
veg. 
mud,organic 
detritus.sand 
algae,veg. 
silty sand 
9.4%organic 
matter,9.8% 
clay,35.9% 
ilt 52.2% nd 
a=sediment reading, b=surface reading, D.O.=dissolved osygen in mg/I, Cond.=conductivity in 
umhos, Sal.=salinity in °loo, Temp.= temperature in °C, veg.=vegetation. 
Source 
Banner,1953 
Sheridan and 
Lewis, 1981 
Hamacker 
and 
Matthews, 1979 
Stuck,et.al.197 9 
Conte and 
Parker, 1971 
Conte, 1972 
Kalke,1972 
This study 
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CHAPTERVII 
CONCLUSIONS AND RECOMMENDATIONS 
A wide variety of environmental and habitat factors affect 
invertebrate densities, diversities, and composition. 
Invertebrate communities varied during this study of 
wetlands. Hydrology, vegetation, substrate, biotic, and 
physical factors appear to significantly affect wetland benthic 
invertebrates. 
Hydrologic regimes and vegetation play significant roles 
in determining invertebrate community densities and 
distributions. Among the four sites studied, benthic 
invertebrate density increased as the hydrologic regime 
became less stagnant, and as substrates became more 
consolidated. The presence of vegetation also influenced 
benthic invertebrate communities by serving as both habitat, 
food source, and by contributing to substrates. 
The interaction of benthic invertebrate communities was 
evidenced by the inverse temporal relationship of the predator 
community to other groups. Interactions are also evidenced by 
the way the predator community mirrors, spatially, the 
abundances of other groups. 
Habitats vary greatly in wetland types, and, variation 
strongly affects benthic invertebrate abundances and 
distributions. The contributions that habitats offer are seen in 
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invertebrate densities and invertebrate diversity. Diversity 
increases with the amount of vegetation available, and number 
of habitats. 
This study indicates that important extrinsic and 
intrinsic relationships exist between benthic invertebrates and 
wetland types. Such relationships are affected by hydrology, 
food sources, biotic interaction, habitat, and physical factors 
which are found in each wetland, and which are variable in 
wetland types. 
Wetland areas may offer the habitat and opportunity for 
the growth and reproduction of unique species of invertebrates. 
The collection of T. louisianae provides a case study for this 
view. 
It appears that no single factor determines the 
abundance and distribution of benthic invertebrates. 
Attempts should be made to accurately quantify the 
specific roles such factors as hydrology, vegetation, 
allochthanous and autochthanous litter, community 
interaction, and habitat, have on wetland benthic 
invertebrates. Investigations should be made to determine the 
roles wetland invertebrates play in wetland systems. It is 
hoped that this study will provide hypothyses for the study of 
wetland benthic invertebrates. 
Additionally, the development of new sampling 
procedures would benefit the study of wetland benthic 
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invertebrates. Many of the invertebrates that are likely to occur 
in wetlands (including unique species) may not be subject to 
capture, using traditional sampling methods. 
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APPENDIX A. Collection data from CRSNP, April 1990. 
STATIONS 
TAXA I 2 J 4 5 6 1 8 2 IQ TOTAL 
Oligochaeta 92 117 26 15 60 1 5 12 32 34 119 528 
Hirudinea 1 1 
Turbellaria 1 1 
Nematoda 1 1 
Ephemeroptera 1 1 2 
Baetidae 
P seudoc/eon 1 1 
Plecoptera 
Taeniopterygidae 
Taeniopteryx parvula 1 1 
Chloroperlidae 
Hestaperla 1 1 
Trichoptera 1 1 
Diptera 
Chironomidae 
Cryptochironomus 1 2 3 
Chironomus 21 1 2 1 8 42 
Polypedilum 15 15 5 36 
Glyptotendipes 17 1 1 20 
Endochrionomus 1 1 
Harnischia 1 1 
Einfeldia 1 1 
Paratendipes 1 1 2 
Tanytarsus 10 2 1 2 1 5 
Proc/adius 2 3 1 4 4 3 4 21 
C oe/otanypus 2 2 4 
Tanypus 1 
Pentaneura 1 1 
Crocopotus 1 1 
Ceratopogonidae 
Palpomyia 10 3 1 3 1 8 
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APPENDIX A. (cont.) 
Chao boridae 
Chaoborus punctipennis 1 2 1 1 5 
Mollusca 
Bivalvia 1 1 
Isopoda 
Asellidae 
Lfr.c.e.us. laatiaaliir 1 2 
TOTAL 111 191 32 1 8 69 21 24 76 36 131 709 
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APPENDIX B. Collection data from CRSNP, July 1990. 
STATIONS 
TAXA I 2 J 4 5 Q 1 8 2 IQ TQTAL 
Oligochaeta 27 7 3 25 I 6 21 25 99 21 235 
Megaloptera 
Sialidae 
Sialis I I 
Ephemeroptera 
Ephemeridae 
Hexagenia limbata 6 I 7 
Diptera 
Chaoboridae 
Chaoborus punctipennis I 3 3 I I 9 
Ceratopogonidae 
Palpomyia 1 I 3 I 6 
Chironomidae 
Chironomus I I 2 
Glyptotendipes I 2 
Cryptochironomus 2 
Polypedilum 3 4 7 
Stenochironomus I 8 I 19 
Tanypus 3 26 9 15 11 20 3 I 4 92 
Procladius 3 I 4 4 5 15 I I I 0 53 
I 4 5 
TOTAL 36 35 7 39 47 26 53 48 112 37 440 
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APPENDIX C. Collection data from CRSNP, November 1990. 
STATIONS 
TAXA I 2 J 4 ~ 6 1 8 2 IQ TQTAL 
Oligochaeta 20 12 9 118 3 43 33 225 35 126 624 
Hirudinea I 2 3 
Nematoda 7 9 1 6 
Cladocera I 2 3 
Copepoda 
Cyclopoida 2 1 3 
Amphipoda 
Gammaridae 
Anisogammarus I I 
Allocrangonyx 1 1 
Gammarus lacustris I I 
Talitridae 
Hyalella azteca I I 
Megaloptera 
Sialidae 
Sia/is mohri I I 
Odonata 
Corduliidae 
Somatochlora elongata I 
Diptera 
Chaoboridae 
Chaoborus punctipennis 5 2 7 
Ceratopogonidae 
Palpomyia 2 2 4 1 9 
Chironomidae 
Chironomus 27 34 1 2 I 8 6 6 9 41 12 14 179 
Stenochironomus 1 1 
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APPENDIX C. (cont.) 
Cryptochironomus 3 1 1 5 
Tribelos 2 1 1 6 1 0 
Polypedilum 12 1 2 
Kiefferulus 3 3 
Phaenospectra 3 3 
G/yptotendipes 1 3 4 8 
Harnischia 1 1 
Proc/adius 2 4 34 2 5 3 1 5 1 
Coe/otanypus 3 5 23 4 9 1 1 1 47 
Anatopynia 2 27 1 30 
1 
TOTAL 50 57 29 238 23 68 47 292 65 153 1022 
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APPENDIXD. Collection data from CRSNP, February 1991. 
STATIONS 
TAXA I 2 3 4 :i Ii 1 8 2 IQ TQTAL 
Oligochaeta 155 30 41 43 82 60 26 94 134 237 902 
Hirudinea 1 1 2 
Turbellaria I 1 
Nematoda 1 1 
Nematomorpha I 
Mollusca 
Bivalvia 3 1 5 
Copepoda 
Eucopepoda 1 2 
Amphipoda 
Gammaridae 
Allocrangonyx 1 1 2 
Gammarus lacustris 1 
Heteroptera 
· Corixidae 
Trichoptera 
Leptoceridae 
Ceraclea I 
Megaloptera 
Sialidae 
Sia/is mohri 1 
Diptera 
Chaoboridae 
Chaoborus punctipennis I 
Ceratopogonidae 
Pa/pomyia 6 I 7 
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APPENDIX D. (cont.) 
Chironomidae 
Chironomus 1 3 3 1 1 1 2 9 16 1 2 14 8 1 
Polypedilum 11 6 1 1 10 28 57 
Cryptochironomus 3 1 1 2 2 1 9 
Paralauterborniella 1 1 
Glyptotendipe 1 5 1 3 19 
Dicrotendipes 1 3 1 5 
Stenochironomus I 2 
Endochironomus 6 7 13 
Kiefferulus 1 1 
Phaenospectra 1 1 
Tanytarsus 1 1 
Paramerina 1 
Procladius 1 1 1 1 4 12 4 5 7 3 57 
Coelotanypus 1 2 3 4 3 13 
P sectrocladius 1 1 
Cnidaria 
Hydridae 
Hydra 3 3 
Hydracarina 
Elaidae 
I 
TOTAL 181 64 69 72 92 74 39 118 176 311 1195 
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APPENDIX E. Diversity and density data from CRSNP. 
MEASUREMENT SPRINQ SQMMER FALL :WINTER AVERAQE 
I .55 .45 .41 .58 .50 
D, .45 .55 .59 .42 .50 
d, 1.82 2.24 2.44 1.73 2.06 
H' .52 .63 .63 .48 .57 
Dmax .97 .93 .96 .97 .95 
1 10.32 26.CiS 32.85 24.73 
Hmax 1.45 1.11 1.41 1.51 1.37 
E, .46 .46 .61 .43 .52 
e, .06 .22 .09 .05 .11 
J' .36 .57 .21 .32 .37 
Mean density 
ind/m2 3177.78 1955 .56 4542.22 5311.11 3746.67 
Standard deviation 2535 .48 1207.38 4165.19 3657 .62 3256.72 
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APPENDIX F. Functional group abundance per seasonal sample in CRSNP 
(percent above, number collected below). 
FUNCTIONAL PERCENT(%) AND NUMBER COLLECTED QRQUP 
SPRINQ S!IMME!l, FALL :WI~TER ANfil!AL 
ss <l 0 0 0 .08 
2 0 0 0 2 
533 242 643 908 2326 
FC <l 0 0 <l <l 
2 0 0 6 8 
0 0 0 <I <l <I 
0 0 4 4 8 
H 17 7.3 22 17 15 .8 
122 32 222 206 582 
p 7 37.7 14 6 16.2 
50 166 147 69 432 
MF 0 0 <l <I <I 
0 0 6 2 8 
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APPENDIX G. Spatial abundance data among dominant functional groups in CRSNP. 
·' 
STATION 
EQN!:;TIQNAL QRQ~ 1 2 3 4 ~ (i 1 8 2 1 0 
DF 296 167 80 214 · 153 125 92 377 313 514 
H 43 118 48 21 34 16 23 120 58 97 
p 37 59 12 130 44 48 45 35 15 19 
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APPENDIXH. Collection data from RCSS, April 1990. 
STATION 
TAXA 2 3 4 s. !i 1 8 2 IQ TQTAL 
Oligochaeta I 8 4 170 2 28 234 447 
Hirudinea I I 
Nematoda I I 
Diptera 
Chironomidae 
Chironomini I 
Chaoboridae 
Chaoborus punctipennis I I 
C. albatus I I 
Ceratopogonidae 
Palpomyia I I 
Coleoptera I 
Plecoptera 
Capniidae 
Paracapnia 1 I 
Isopoda 
Asellidae 
Lirceus fontinalis 17 2 2 4 1 2 17 1 1 1 2 59 
Amphipoda 
Crangonyctidae 
Bactrurus 2 I I 4 
Decopoda 
Cambaridae 1 1 
TOTAL 17 5 10 8 2 174 19 2 40 242 519 
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APPENDIX L Collection data from RCSS, July 1990. 
STATION 
TAXA I 2 3 4 5 Q 1 8 2 IQ TQTAL 
Oligochaeta I 0 50 7 3 76 146 
Odonata 
Libellulidae 
Erythrodiplax berenice I I 
E. connata minuscula I I 
Coleoptera 
Dytiscidae 
Laccornis I I 
Diptera 
Chironomidae 
Chironomus I 24 7 I I 34 
Stictochironomus 2 2 
Polypedilum 4 I 3 8 
Ceratopogonidae 
Pa/pomyia 6 2 8 
Isopoda 
Asellidae 
Lil:.c.c.us. [Qlltinalis. 10 5 I 5 
TOTAL 0 I 38 65 8 17 90 219 
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APPENDIXJ. Collection data from RCSS, November 1990 
STATION 
TAXA I 2 J 4 ~ Q 1 8 2 IQ TQTAL 
Oligochaeta I 3 4 I 2 I I 
Turbellaria I I 
Isopoda 
Asellidae 
Lirceus fontinalis I 4 2 I 4 I 2 
Amphipoda 
Crangonyctidae 
Bactrurus I I 
Coleoptera 
Dytiscidae 
Laccornis I 
Diptera 
Chironomidae 
Chironomus I I 
I I 
TOTAL 4 6 2 0 4 5 0 I 0 6 28 
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APPENDIX K. Collection data from RCSS, February 1991. 
STATION 
TAXA 2 3 4 5 Q 1 8 2 10 TQTAL 
Oligochaeta 8 23 1 1 17 8 1 17 28 113 
Turbellaria 1 1 2 
Amphipoda 
Crangonyctidae 
Bactrurus 1 2 1 3 2 2 1 1 
Isopoda 
Asellidae 
Lirceus fontinalis 5 6 3 2 6 4 27 
Copepoda 
Eucopepoda 
Cyclopidae 1 1 1 1 4 
Cladocera 1 1 
Daphnidae 1 2 4 
Diptera 
Chironomidae 
Po/ypedilum 1 1 
Procladius 1 1 
Chaoboridae 
Chaoborus punctipennis 1 1 
Tri ch opt era 
Phryganeidae 
1 1 
TOTAL 2 16 3 1 12 21 1 2 9 4 25 34 166 
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APPENDIX L Diversity and density data from RCSS. 
SEASON 
MEASUREMENT SPRING SUMMER FALL WINTER AVERAGE 
.75 .47 .32 .49 .51 
D, .25 .53 .68 .51 .49 
d, 1.33 2.13 3 .13 2.04 2.16 
H' .23 .50 .58 .49 .45 
Dmax .92 .90 .89 .92 .91 
dmax 12.26 10.43 9.00 12.86 11. 14 
Hmax ' 1.08 2.34 .85 1.08 1.34 
E, .27 .59 .01 .55 .36 
e, .11 .20 .35 . 16 .21 
J' .21 .21 .68 .45 .39 
Mean density 
ind/m2 2304.36 1389.09 124.32 737 .04 1119.52 
Standard diviation 3754.39 1554.67 110.35 484.66 2170.96 
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APPENDIXM. Functinal group abundance per seasonal sample in RCSS (percent above, 
number collected below). 
SEASON 
FUNCTIONAL GROUP SPRING SUMMER FALL :WINTER ANNUAL 
ss <l 0 0 0 <l 
1 1 
DF 86.5 66.7 46.4 69.3 67.2 
449 146 1 3 115 723 
FC 0 0 0 0 0 
0 0 0 0 0 
0 12.3 6.8 46.4 22.9 22.1 
64 1 5 1 3 38 130 
H <l 20.1 3.6 1.2 6.3 
1 44 1 2 48 
p <l 6.4 3.6 1.2 3 
4 14 1 2 21 
MF 0 0 0 5.4 1.4 
0 0 0 9 9 
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APPENDIXN. Spatial distribution data among dominant functional groups fu RCSS. 
STATION 
FUNCTIQNAL GROUP 2 J 4 ~ Q z 8 2 I 0 
; DF 2 11 31 15 20 192 53 9 60 343 
0 20 1 6 1 1 4 5 2 22 1 30 1 9 
H 0 0 0 0 2 29 10 0 2 5 
p 0 0 I I 3 6 2 2 5 
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APPENDIX 0. Collection data from CT, April 1990. 
STATION 
TAXA I 2 3 4 ~ 6 2 8 2· IQ TQTAL 
Oligochaeta 25 6 1 5 168 12 3 3 I 21 43 2 371 
Nematoda 12 63 8 29 112 
Turbellaria 1 1 
Amphipoda 
Talitridae 
Hyalel/a azteca I 1 
Isopoda 
Asellidae 
Lirceus fontinalis 4 I 5 
Copepoda 4 4 
Ostracoda I I 
Mollusca 
Gastropoda 
Limnaeidae 
Stagnicola 1 1 2 
Odonata 
Coenagrionidae 
Enallagma 1 I 
Ephemeroptera 
Caenidae 
Caenis 1 2 3 6 
Ephemeridae 
Hexagenia 1 1 
Coleoptera 
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APPENDIX O (cont.) 
Dyti scidae 
Diptera 
Chaoboridae 
Chaoborus punctipennis 7 9 
Ceratopoginidae 
Palpomyia 27 1 6 3 2 3 1 80 
Chironomidae 
Parachironomus 2 
Glyptotendipes 14 1 1 3 30 
Chironomus 47 l 28 77 
Endochironomus I 2 3 2 9 
Paracladope/ma 3 3 
Polypedilum 5 6 
Paratendipes 4 4 
Tanytarsus 5 5 2 1 3 
Rheotanytarsus 
Tanypus 1 
Guttipelopia 4 4 
Paramerina 2 2 4 
Pentaneura 5 25 3 I 
Monopelopia 5 5 
TOTAL 27 1 91 16 274 1 9 3 49 24 179 6 788 
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APPENDIXP. Collection data from CT, June 1990. 
STATION 
TAXA I 2 3 4 5 6 7 8 2 IQ TQTAL 
Oligochaeta 148 127 283 1 I 79 6 37 160 295 531 1677 
Hirudinea 1· I 
Nematoda 1 2 6 1 2 12 
Mollusca 
Bi val via 1 1 
Hydracarina 3 3 
Amphipoda 
Talitridae 
Hyalella azteca 6 6 
Isopoda 
Asellidae 
Lirceus fontinalis 1 I 
Copepoda 
Eucopepoda 1 I 
Ostracoda 2 2 
Ephemeroptera 
Caenidae 
Caenis 6 1 1 6 14 
Trichoptera 
Odontoceridae 
Marilia 1 1 1 3 6 
Heteroptera 
Naucoridae 1 
Diptera 
Ceratopogonidae 
Palpomyia 1 1 1 2 5 
Chironomidae 
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APPENDIXP (cont.) 
Chironomus 8 11 3 2 14 1 39 
Paracladopelma 68 9 12 7 7 1 0 113 
Dicrotendipes 3 1 -4 
Glyptotendipes 11 23 1 7 42 
Cryptochironomus 2 25 1 3 2 2 35 
Einfeldia 1 2 4 
Polypedilum 7 7 
Parachironomus 1 1 
Tanytarsus 5 1 1 7 
Pentaneura 3 2 5 
P roe la di 11s 8 1 1 6 6 22 
Tanypus I 1 15 3 21 
Paramerina 2 2 
Labrundinia 1 1 
1 
TOTAL 170 217 374 17 93 10 55 173 354 571 2034 
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APPENDIX Q. Collection data from CT, February 1991. 
STATION 
TAXA I 2 3 4 ~ Q 1 8 2 IQ TQTAL 
Oligochaeta 43 143 155 I 3 35 37 8 46 I 3 35 528 
Nematoda I 2 43 3 2 60 
Amphipoda 
Talitridae 
Hyalella azteca 2 2 3 3 4 16 I 2 33 
Copepoda 
Eucopepoda 4 I 5 
Ephemeroptera 
Caenidae 
Caenis 2 2 
Heptageniidae I 1 
Odonata 
Coenagrionidae 
lschura 2 2 
Diptera 
Stratiomyidae 
Stratiomys I 
Chao boridae 
Chaoborus punctipennis 7 I 7 6 5 7 13 17 63 
Chironomidae 
Glyptotendipes I I 2 21 2 36 
Chironomus 2 2 I 1 6 
Parachironomus 1 I I 3 
Paracladopelma 1 6 31 47 
Cryptochironomus 2 5 7 
Polypedilum 2 1 3 
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APPENDIX Q (cont.) 
Dicrotendipes 3 15 5 2 25 
Einfeldia 2 1 :i 
Pedionomus 1 1 
Tanytarsus 3 3 6 
Rheotanytarsus 3 3 
Coe/otanypus 2 2 
Procladius 4 4 1 1 1 1 1 
p 2 2 
TOTAL 53 210 295 20 41 46 22 75 30 58 850 
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APPENDIXR. Diversity and density data from CT. 
SEASON 
MEASUREMENT SPRINQ SUMMER WINTER AVERAQE 
I .26 .68 .40 .45 
D, .74 .32 .60 .55 
d, 3.85 1.46 2.50 2.60 
H' .82 .39 .68 .63 
Dmax .97 .96 .96 .96 
dmax 30.07 28.38 23.61 27.35 
Hmax ' 1.46 1.45 1.36 1.42 
E, .76 .33 .63 .57 
e, .13 .05 .11 . I 0 
J' .56 .27 .50 .44 
Mean density 
ind/m2 3498.72 9030.96 3774.00 5440.00 
Standard deviation 4336.99 8045.25 4086.90 6155.26 
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APPENDIX S. Functional group abundance per seasonal sample in CT, 
(percent above, ~umber collected below). 
SEASON 
FUN!:;TIQNAL GROUP SPRING SUMMER WINTER ANNUAL 
ss 0 <l 0 <l 
0 6 0 6 
DF 62.9 83.8 69.5 76.0 
496 1705 590 2791 
FC 0 <l 0 <l 
0 1 1 
0 <l <l 4.0 1.6 
2 1 1 34 47 
H 18 .7 12.4 16.5 15.9 
147 252 140 539 
p 17 .6 2.9 9.4 10.0 
139 58 80 277 
MF <l <l <l <l 
4 1 5 10 
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APPENDIX T. Spatial distribution data among dominant functional groups in CT. 
STATION 
FUN!:;TIQNAL GROUP 1 2 3 4 5 {i 1 8 9 10 
DF 217 367 495 261 127 46 88 231 386 574 
0 2 12 5 0 0 4 4 16 2 2 
H 19 172 164 24 18 3 22 18 33 28 
p 10 62 18 27 8 6 1 2 7 99 28 
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APPENDIX U. Collection data from SU, April 1990. 
STATION 
TAXA I 2 3 ·4 5 6 z TQTAL 
Oligochaeta 40 3 I 88 20 2 96 277 
Amphipoda 
Talitridae 
Hyalella azteca I 
Copepoda 
Eucopepoda 
Calanoida I I 
Cnidaria 
Hydridae 
Hydra I I 2 
Coleoptera 
Dytiscidae 
Hydroporus 3 I 4 
Eubriidae I 1 
Odonata 
Coenogrionidae 
Enallagma I 
Diptera 
Ceratopogonidae 
Palpomyia 3 2 5 7 3 4 24 
Chaoboridae 
Chaoborus punctipennis 4 I 5 
Chironomidae 
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APPENDIX U (cont.) 
Chironomus 1 1 6 2 10 
Lauterborniella 1 1 
Po/ypedilum 15 15 
Glyptotendipes 1 1 
Cryptochironomus 1 1 
Tanytarsus 2 2 4 
Rheotantytarsus 1 1 
Procladiuus 1 3 1 5 
Tanypus 1 1 2 3 7 
Coe/otanypus 8 2 5 4 19 
1 1 
TOTAL 45 43 31 108 33 1 1 110 381 
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APPENDIX V. Collection data from SU, June 1990. 
STATION 
TAXA 1 2 3 4 5 6 1 TOTAL 
Oligochaeta 4 1 16 4 4 1 30 
Trichoptera 
Hydroptilidae 
Oxyethira 1 I 
Ephemeroptera 
Caenidae 
Caenis 1 1 
Odonata 
Coenagrionidae 1 
Diptera 
Ceratopogonidae 
Palpomyia 1 1 
Chaoboridae 
Chaoborus punctipennis 2 2 
Chironomidae 
Cryptochironomus 1 3 6 4 15 
Chironomus I I 
Paracladopelma 2 2 
Glyptotendipes I I 
Einfeldia 1 1 2 
Tanypus 2 2 4 
Coelotanypus 1 1 2 
p 5 5 
TOTAL 1 1 8 27 4 12 5 68 
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APPENDIX W. Collection data from SU, February 1991. 
STATION 
TAXA I 2 3 4 ~ Q 1 TOTAL 
Oligochaeta 39 35 57 262 9 26 59 487 
Nematoda 3 3 
Amphipoda 
Talitridae 
Hyalella azteca 1 4 11 16 
Odonata 
Corduliidae 
Tetragoneura aquea 1 1 
Libellulidae 
Erythemis 1 1 
Pachydiplax I 1 
Coenagrionidae 
Enallagma 1 1 
Ephemeroptera 
Caenidae 
Caenis 3 2 5 
Trichoptera 
Leptoceridae 4 4 
Mollusca 
Gastropoda 
Physidae 
Physella 15 2 17 
Limnaeidae 
Stagnico/a 2 2 
Diptera 
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APPENDIXW (cont.) 
Chao boridae 
Chaoborus punctipennis 4 4 
Ceratopogonidae 
Palpomyia 1 1 
Chironomidae 
Chironomus 1 2 4 7 
Paracladopelma 1 2 1 4 
Dicrotendipes 1 1 15 3 1 21 
Glyptotendipes 9 1 20 3 33 
Endochironomus 1 9 12 1 23 
Einfeldia 14 2 1 6 1 1 25 
Parachironomus 1 1 2 
Polypedilum 1 1 
Tanytarsus 3 3 6 2 2 1 17 
Paratanytarsus 1 1 
Tanypus 1 
Coelotanypus 7 4 3 5 19 
Psectrotanypus 2 2 4 
Procladius 7 7 
p 
TOTAL 72 43 83 339 66 40 69 712 
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APPENDIXX. Diversity and density data from SU. 
SEASON 
MEASUREMENT SPRING SUMMER WINTER AVERAGE 
I .54 .25 .48 .42 
D, .46 .75 .52 .58 
d, 1.85 4.00 2.08 2.64 
H' .53 .80 .65 .66 
Dmax .95 .94 .97 .95 
dmax 21.05 17 .37 29. I I 22.51 
Hmax ' 1.30 1.15 1.45 1.30 
E, .48 .80 .54 .61 
e, .09 .23 .07 .13 
J' .41 .70 .45 .52 
Mean density 
ind/m2 2416.69 431.12 4515.92 2457 .14 
Standard deviation 1726.44 379.97 4696.74 3232.91 
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APPENDIX Y. Functional group abundance per seasonal sample in SU (percent 
above, number collected below) 
SEASON 
FUN!:;TIONAL GROUP SPRING SUMMER WINTER ANNUAL 
ss 0 0 0 o· 
0 0 0 0 
DF 72.7 45.6 69.5 69.2 
277 3 1 495 803 
FC 0 1.5 <l <l 
0 1 4 5 
0 <l 0 4.6 2.9 
1 0 33 34 
H 8.9 30.9 19.2 16.5 
34 21 137 192 
p 17 .8 22.1 6.0 10.9 
68 15 43 126 
MF <l 0 0 <l 
1 0 0 1 
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APPENDIX Z. Spatial distribution data among dominant functional groups in SU. 
STATION 
FUN!:;TIONAL GROUP I 2 ~ 4 ~ 2 7 
DF 83 67 73 354 33 29 155 
0 0 0 0 4 26 0 I 
H 3 1 10 27 66 32 8 I 1 
p 1 3 16 34 17 1 8 12 17 
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